
BOOK OF 
ABSTRACTS

Brno, Czech Republic





14th INTERNATIONAL 
CONFERENCE ON 
KINANTHROPOLOGY 
“Sport and Quality of Life”

FACULY OF SPORTS STUDIES 
MASARYK UNIVERSITY

IN COLLABORATION WITH

FACULY OF KINESIOLOGY 
UNIVERSITY OF ZAGREB

DECEMBER 3–5, 2025

Brno, Czech Republic



PARTNERS

CC BY-NC-ND 4.0
Creative Commons Attribution-NonCommercial-NoDerivatives 4.0

© 2025 Masaryk University 

ISBN 978-80-280-0814-7

https://creativecommons.org/licenses/by-nc-nd/4.0/deed.en


CC BY-NC-ND 4.0
Creative Commons Attribution-NonCommercial-NoDerivatives 4.0

CONTENTS

Sport Performance and Exercise	 9

Effect Of Ballistics Six Exercises On Power And Reaction Time Of Armed Arm For 
Youth Egyptian Epee Fencers	 10

Relationship Between Selected Motor Abilities And Decision-Making In Elite Female 
Volleyball Players	 11

Is Stronger Always Faster? Peak Force and Linear Skating Speed Across Youth Ice 
Hockey Age Categories and Playing Levels	 12

Does A Rope-Skipping Intervention Program Improve Lower-Limb Strength, Balance 
And Body Composition In First-Grade Boys And Girls?	 14

Longitudinal study of elite youth Table Tennis players’ development according to 
the ELO-based rating system	 15

Training Load Determining Sports Performance Of Swimmer In Preparation For Top Events	16

Correlation Of Sleep Duration And Handgrip Strength In Wrestlers 	 17

Differences in situational parameters of tennis serve in female players at Roland 
Garros in 2012 and 2022	 19

The difference in the maximum force of the roundhouse kick between free execution 
and reaction to a visual stimulus	 21

Developing Hip Joint Range of Motion in Young Football Players Through Gymnastic 
Exercises	 23

Comparison of Running Performance Between U17 and U19 Football Players: Role 
of Playing Position	 24

Maximizing deadlift output with magnesium carbonate and lifting straps	 26

Differences Between Boxers From Two Weight Classes In Explosive Power	 28

Physical Activities and Health	 29

The Gut Microbiome as a Missing Link in Relative Energy Deficiency in Sport (REDs): 
A Conceptual Framework	 30

Diurnal and Menstrual Cycle Variations in Strength Performance: Results of an 
Original Study	 32

Effectiveness of Pilates Exercise in Chronic Nonspecific Low Back Pain: A Systematic 
Synthesis of Randomized Controlled Trial Results Comparing Dose, Form, and 
Comparative Therapies	 33

Autonomy support enhances the performance of form-based motor skills in gymnastics	 35

Job satisfaction, stress & coping: Croatian handball coaches	 37

From Treatment to Movement: Can a Training Diary Help Cancer Survivors Keep 
the Change?	 39



A comprehensive program of supportive physical activities for oncology patients 
in Pilsen	 41

SmO2 Deoxygenation Slope as a Marker of Neuromuscular Performance in Elite 
Junior Ice Hockey players	 43

The Future of Human Movement Evaluation: AI and Markerless Technologies	 45

Robotic-Assisted Neurorehabilitation for Trunk Control in Spinal Cord Injury	 47

Forecasting Performance Escalation in Junior Male Tennis: A Bayesian Analysis of 
ITF Ranking Thresholds (2004–2024)	 49

Health infrastructure in national sports federations: The pilot study	 50

Use of Whole-Body Multifrequency BIA for the Diagnosis and Monitoring of 
Intervention Effects on Sarcopenia in Women Aged 65 and Older	 51

Physical Education and Social Sciences	 52

Effectiveness of Implicit Learning in Teaching the Skating Technique in Cross-
Country Skiing Among Beginners	 53

Motor coordination during object catching as an indicator of motor development 
in preschool children: a pilot multiple case study.	 55

Incorporation of Combative Activities in Physical Education Classes in Czech Schools	 57

Amazon Mechanical Turk in Sport Science Research: Opportunities and Pitfalls of 
Crowdsourced Data Collection	 58

Trager® Approach in Daily Life as a Way to Wellbeing	 59

When Play Becomes Work: Philosophical Reflections on Gamified Sport	 61

Concussion Awareness Gaps Among Elite Karate Coaches	 63

Assessing Adolescent Well-Being in Czech Schools: A Validation Study of the EPOCH Scale	 64

Parental Involvement, Coach-Created Motivational Climate, and Sport Engagement:	 65

A Preliminary Study among Adolescent Football Players	 65

Longitudinal transitions in psychological need satisfaction profiles in Physical 
Education	 67

Analyzing the Risk Factors of Student Dropout in Sport Science Programs: 
A Longitudinal Study Using Survival Analysis	 68

Factors Influencing Spectator Attendance at the Slovak Athletics Championships	 70

Persistence Of Primitive Reflexes And Motor Competence In Children With Autism 
Spectrum Disorder: An Exploratory Study	 71

Special Olympics Unified Sports as the Possible Model of Inclusion through Leisure Activities 
(Survey of the Research in the Special Olympics Czech Republic since 2002–2025)	 73

Preliminary psychometric analysis of the Czech version of the Movement Imagery 
Questionnaire – Revised Second Version (MIQ-RS)	 75



PosterS	 76

Comparison of Student Performance at the University of Defence in Three 
Endurance Tests	 77

Impact of structured physical activity and subsequent detraining on osteopenia 
and osteoporosis in postmenopausal women	 78

Multimodal interventions for gait rehabilitation in multiple sclerosis	 79

Comparing Horizontal Force-Velocity Profile Parameters Between Radar System 
and Motorised Resisted Device in Soccer Players	 81

The relationship between the quality of game skills and team success in a set in 
elite women’s volleyball	 83

Pedagogical Predictors of Athlete Satisfaction: The Role of Coach-Reported 
Instructional Styles in Youth Basketball	 84

Recovery and Nutrition Education within the Coach–Player–Parent Triad in Young 
Tennis Players	 85

Can Better-Designed Teaching Situations Improve Motor Learning?	 87

Frequency of injuries in rhythmic gymnastics	 88

Injury Recurrence and Burden in Team Sports: The Role of Seasonal and 
Organisational Factors	 90

Dog sports: the impact on dog-owner relationship, physical activity, and quality 
of life in women	 92

Identification and Prevention of Relative Energy Deficiency in Sport (REDs) in 
Selected Sports Disciplines	 93

Kinematic asymmetry between left and right turns in recreational level alpine skiers	 94

Validity and Reliability of the Czech Adaptation of the Sport Motivation Scale-6	 95

Differences In Manifestations Of Unacceptable Behaviour Of Primary School 
Children With Regard To Their Engagement In Additional Sport Activity	 96

The Validity And Reliability Of Session Rate Of Percieved Exertion In Taekwondo 
Poomsae Discpline	 98

Do pregnant women have accurate knowledge about dietary practices?	 99

Assessing Physical Literacy and Health-Related Indicators: The REFRESH Work Package 
4 Protocol	 100

Differences Between Female Handball Players (U14, U16, Senior) In The Results Of 
The 30–15 Intermittent Fitness Test	 102

Inflammatory Biomarker Responses to a 10-Day Moderate-Altitude Exercise Camp	 104

Can Recreationally Trained Athletes Detect Caffeine Intake? Expectancy and 
Performance Responses during a Randomized Trial	 105

Kinematic Analysis Of Round-Off Angle Changes On The Balance Beam	 107

Level of Fundamental Motor Skills in Czech Children: Refresh preliminary study	 109



The Relationship Between Biomechanical Performance Indicators and Rowing 
Succes Among Students	 111

Effect of Dribbling on Sprint Speed in Youth Basketball Players	 112

Psychometric parameters of the Intrinsic Motivation Inventory for Physical 
Education in Czech primary school children	 114

Asymmetry in Running: Biomechanical and Morphological Analysis of the Lower 
Extremities in Recreational Runners	 116

Balance parameters of able bodied and Para karate athletes: gender perspective	 117

The Effect of Selected Nutritional Strategies on Endurance Performance	 119

Changes in Visual and Acoustic Reaction Speed Under the Influence of Foot 
Reactivity Exercise	 120

The Effectiveness Of Specific Training On The Development Of Forehand And 
Backhand Accuracy In Young Tennis Players 	 122

Circus Skills in Kinanthropology	 123

Circus PLAYgrounds: Designing Playful Environments for Holistic Physical Literacy 
Development	 124

Diversability Circus	 125

FitCIRK – Development of Physical Literacy and Mental Fitness: an innovative 
approach to physical education of university students through circus arts	 126

Circus Arts and Pediatric OT: Rethinking Who Gets to Move	 127

Methods Of Personality Development In Adapted Physical Activity For Individuals 
With Special Needs: Enhancing Employability 	 128



Sport Performance 
and Exercise



10 11

EFFECT OF BALLISTICS SIX EXERCISES ON POWER 
AND REACTION TIME OF ARMED ARM FOR YOUTH 

EGYPTIAN EPEE FENCERS

Mahmoud Sallam1, Hachim Chani2, Bushra Al-Hammashi3, Maged Mousa4, Aseel Jaleel3, 
Saja Shukur3, Amr Hamza5 

1Faculty of Sport Sciences, Sadat University, Egypt 
2Faculty of Physical Education and Sport Sciences, Almaaqal University, Iraq

3Faculty of Physical Education and Sport Sciences for Women, Baghdad University, Iraq 
4Faculty of Physical Education and Sport Sciences, Basra University, Iraq

5Faculty of Physical Education, Sohag University, Egypt

Introduction: There is no dispute that all fencing movements simulate plyometric training, 
but the various training methods for developing the muscular strength of fencers should 
not be overlooked. Aim of Study. The purpose of this study was to investigate the effects 
of ballistics six exercises on armed arm’s reaction time for youth Egyptian Epee fencers. 
Material and Methods: The study involved 19 Epée youth fencers under 18 years. The 
fencers were divided into two specific groups. The experimental group consisted of 10 
Epée fencers (16.9 ± 1.2 years; training experience 6.1 ± 0.9; height 174.9 ± 7.3 cm; weight 
70.7 ± 8.1 kg). The control group consisted of 9 Epée youth fencers (16.3 ± 1.7 years; 
training experience 5.6 ± 0.7; height 177.4 ± 5.7 cm; weight 72.1 ± 8.8 kg). All fencers 
participated in various tournaments and national competitions. Results: Significant 
difference between the experimental group and control group in overhand tennis ball 
throw, Armed arm reaction time (extension) and Armed arm reaction time (lunge) for 
posttest to the experimental group. Conclusions: The presented results suggest that eight 
weeks of ballistic six exercises have been shown to be an effective way to improve overhand 
Tennis ball throw, Armed arm reaction time (extension) and Armed arm reaction time 
(lunge) for Epee youth fencers. Therefore, it can be used to increase strength, power and 
proprioception.

Keywords: Ballistics six exercises, power, reaction time, Epee fencers.
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RELATIONSHIP BETWEEN SELECTED MOTOR ABILITIES 
AND DECISION-MAKING IN ELITE FEMALE VOLLEYBALL 

PLAYERS

Bianka Bodnárová, Pavol Horička

Department of Physical Education and Sport, Constantine the Philosopher University in Nitra, 
Slovakia

The aim of this study was to examine the relationship between selected motor abilities 
and decision-making abilities in elite female volleyball players. The research sample 
consisted of 11 players from the top Slovak volleyball league (decimal age 23.5 ± 4.2 
years; sport age 12.3 ± 4.7 years). Motor abilities were assessed using tests of lower-
limb explosiveness (Drop Jump, Countermovement Jump, Countermovement Jump 
with Arm Swing), upper-limb explosiveness (Bench Press), agility (Offensive Agility, 
Defensive Agility), and 5-meter acceleration sprint. Decision-making abilities were 
evaluated using the Decision-Making Index (DMI), developed based on expert 
assessment of 15 offensive and defensive game situations from video recordings of the 
2023/2024 season by two experts. Correlation analysis revealed several statistically 
significant relationships, with DMI negatively correlated with parameters of lower-limb 
explosive strength: DJ (r = –0.701; p = 0.008), CMJ (r = –0.578; p = 0.031), and CMJS 
(r = –0.633; p = 0.018). Regression analysis using the ENTER method explained 31.8% 
of DMI variability (Adjusted R² = 0.318), with no statistically significant predictors. 
The STEPWISE method identified DJ as the only significant predictor of DMI (Beta 
= –0.701; p = 0.016), with the regression model explaining 43.5% of the variability in 
DMI. The findings suggest that higher lower-limb explosiveness does not necessarily 
correspond to better decision-making in game situations.

The contribution is part of the UGA project V/2/2025 Identification of limiting factors in a 
player’s decision-making abilities in volleyball

Keywords: volleyball, decision-making, motor abilities, decision-making index.
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IS STRONGER ALWAYS FASTER? PEAK FORCE AND 
LINEAR SKATING SPEED ACROSS YOUTH ICE HOCKEY 

AGE CATEGORIES AND PLAYING LEVELS

Dominik Jablonka1, Radovan Hadža2, Rhys Morris3, Julián Enrik Smoliga2, Aaron Uthoff4

1Setanta College, Thurles, Ireland
2Comenius University, Department of Track a Field and Sports Conditioning, Bratislava, Slovakia

3Nottingham Trent University, School of Science & Technology, Nottingham, United Kingdom
4Sports Performance Research Institute New Zealand (SPRInZ), AUT Millennium, School of Sport 

and Recreation, New Zealand

This study examined the relationship between off-ice isometric peak force and on-
ice linear skating ability across sprinting phases in youth ice hockey players differing 
in age, playing level, and strength. A total of 121 male players (age: 14.2 ± 2.4 years; 
height: 169.8 ± 11.8 cm; weight: 61.9 ± 5.2 kg) from six consecutive age categories and 
one lower-level playing group participated (U12, U13, U14, U15, U18, U20A, U20B). 
Off-ice maximal strength was assessed using the isometric mid-thigh pull (IMTP) 
performed on dual force plates to determine absolute (PFabs) and relative (PFrel) peak 
force. On-ice sprint performance was measured using timing gates to obtain split times 
representing early (Early ACC), late (Late ACC), and total (Total ACC) acceleration 
phases, as well as the maximal velocity (MaxV) phase. Pearson’s correlation coefficients 
(r) and coefficients of determination (R²) were used to examine associations, while 
Fisher’s z-scores compared relationships between stronger and weaker players. PFabs 
demonstrated nine significant correlations with sprint skating variables, compared to 
five for PFrel, suggesting that total force capacity exerted a greater and more consistent 
influence on linear speed. PFabs significantly correlated with Early ACC (U14, U18, 
U20B: r = −0.48 to −0.59), Late ACC (U14, U15: r = −0.53 and −0.64), and MaxV (U12, 
U14, U15, U20B: r = −0.54 to −0.60). PFrel displayed moderate to very large significant 
correlations with Early ACC in U13 (r = −0.60), Late ACC in U14 (r = −0.46), and 
all phases except Total ACC in U20B (r = −0.69 to −0.73). U20A exhibited only one 
significant relationship, whereas U20B showed five, indicating that maximal strength 
explains skating performance more strongly at lower playing levels. When data were 
pooled, PFabs showed very large significant correlations with Early ACC, Late ACC, and 
MaxV (r = −0.73 to −0.81; R² = 0.54 to 0.66). Total ACC showed mostly trivial to moderate 
correlations, emphasizing the need to analyze acceleration phases separately to better 
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understand the influence of maximal strength. PFrel correlations differed significantly 
in the U14 group, showing stronger associations in weaker players for Early ACC, Late 
ACC, and MaxV (Z = 2.28, 2.70, 3.26, respectively), highlighting the importance of 
strength development around this specific age period. No pooled significant differences 
were found between stronger and weaker players. These findings demonstrate that off-
ice maximal strength, expressed through PFabs and PFrel, meaningfully contributes to 
on-ice acceleration and maximal velocity, with these relationships moderated by age, 
playing level, and strength status.

Keywords: Peak Force, Linear sprint skating, Youth ice-hockey, Strength-speed 
relationships.

Corresponding Author:
Dominik Jablonka
Setanta College, Thurles, Ireland
Email: dominikjablonka37@gmail.com
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DOES A ROPE-SKIPPING INTERVENTION PROGRAM 
IMPROVE LOWER-LIMB STRENGTH, BALANCE AND 

BODY COMPOSITION IN FIRST-GRADE BOYS AND GIRLS?

Jana Černá, Roman Malíř 

Faculty of Physical Education and Sport, Charles University, Prague, Czech Republic

Children’s physical activity is increasingly limited as they tend to follow the sedentary 
lifestyles of their parents, which can hinder motor development and overall health. This 
study investigated the effects of a rope skipping movement program (RS-PP) on lower-
limb strength, balance, and overall physical abilities in children aged 6–8 years. A total of 
116 children from two elementary schools were assigned to three groups: L1 (regular PE 
only, n = 25), L2 (PE plus 10–12 minutes of daily rope skipping, n = 71), and L3 (control, 
n = 20). The intervention was designed to be time-efficient and easily implementable within 
standard school routines. Effectiveness was evaluated using a battery of standardized motor 
tests assessing balance, lower-limb explosive strength (standing long jump and Optojump 
jump height), upper-limb strength (handgrip dynamometry), and body composition 
(body fat percentage). Data were analyzed using a within-group and between-group 
design with mixed-effects modeling to examine effects both within each group and across 
groups. Both intervention groups showed improvements in stability, with L2 improving by 
17% (OR = 1.172, p = 0.008) and L3 by 26% (OR = 1.263, p = 0.003) compared with L1. In 
the Optojump test, all participants achieved on average a 2.5 cm higher jump when using 
arm swings (CMJF vs. CMJ; p < 0.001). Handgrip strength showed minimal change (pre-
test = 10.5, post-test = 10.6), and improvement in the standing long jump was observed 
only in L2 (107 cm to 108 cm). Although L2 had the highest body fat at baseline, it was 
the only group to show a reduction post-intervention. These findings suggest that even 
short, easily integrated movement activities can support selected aspects of children’s 
physical development within regular school practice. The RS-PP enhanced balance and 
showed potential to improve overall physical abilities, particularly when combined with 
brief daily practice outside of regular PE classes. These results highlight that short, easily 
implementable activities can be integrated into school PE to effectively support children’s 
physical development and provide teachers with practical tools to enhance motor skills in 
early school-aged children.

Keywords: Rope skipping, Children, Physical aktivity, Motor development, Balance, 
Lower-limb strength, School physical education (School PE).
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LONGITUDINAL STUDY OF ELITE YOUTH TABLE 
TENNIS PLAYERS’ DEVELOPMENT ACCORDING TO 

THE ELO-BASED RATING SYSTEM

Juraj Krkošek1, Pavel Vacenovský2, Michal Bozděch3

1,2University Sport Centre, Faculty of Sports Studies, Masaryk University, Czechia
3Department of Physical Education and Social Sciences, Faculty of Sports Studies, Masaryk 

University, Czechia

The ELO rating system is a widely used tool for tracking competitive performance in 
individual sports. Despite its increasing application in talent identification and athlete 
monitoring, little is known about the long-term development of ELO scores in youth 
table tennis players, particularly with respect to sex differences and performance 
efficiency. This study aimed to (1) describe age-related changes in ELO scores from age 
12 to 25 in elite Czech table tennis players, (2) examine sex differences in developmental 
trajectories, and (3) assess the effect of annual match efficiency (win–loss ratio) on ELO 
progression. The sample consisted of 42 elite Czech players (18 male, 24 female) who 
had ranked in the top 50 of the highest Czech league competition within the last four 
years. ELO-based scores (STR), wins, and losses were extracted for every player each 
year between 2012 and 2025, from the age of 12 until the age of 25. Generalized Additive 
Mixed Models (GAMMs) were used to model ELO development as a smooth function of 
age, including sex and yearly efficiency as fixed effects and random intercepts for players. 
Confidence intervals were computed, and visualizations were generated. 
ELO score increased with age in a non-linear pattern, with distinct trajectories for 
males and females. Male players had higher average ELO scores (+159 points, p < 0.001) 
and more complex growth curves. Efficiency (wins / total matches) had a significant 
positive effect on ELO scores (β = 72.98, p = 0.012). The final GAMM explained 71% 
of the variance in ELO scores. ELO score development in table tennis is influenced 
by age, sex, and performance efficiency. These findings highlight the importance of 
considering sex-specific growth patterns and win–loss performance when evaluating 
athlete development. The results provide practical insights for coaches, talent scouts, and 
federations seeking to optimize long-term performance monitoring. 

Keywords: ELO rating system, table tennis, performance monitoring, longitudinal 
analysis, generalized additive mixed models (GAMM).
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TRAINING LOAD DETERMINING SPORTS 
PERFORMANCE OF SWIMMER IN PREPARATION FOR 

TOP EVENTS

Matúš Guzman, Jaroslav Broďáni

Constantine the Philosopher University in Nitra, Slovakia

A representative of the Slovak Republic, T. P., and a participant in the 2024 World 
Championships in Doha and the European Championships in Belgrade, has shown 
progressive improvement in athletic performance since 2012 in the disciplines of 400 m 
freestyle (3:49.03, 795 points, SCM) and 800 m freestyle (8:12.87, 771 points, LCM). In 
the 2024 annual training macrocycle, he achieved his best performance in the 400 m 
freestyle with a time of 3:55.19, scoring 735 points. A retrospective analysis classified 
specific and general training means that showed the highest correlation with swimming 
performance. Non-parametric methods such as Spearman’s rank correlation coefficient 
and CHAID decision trees were used to detect interactions and make predictions. The 
data analysis was based on the study of the athlete’s training diaries from the 2024 
annual training cycle. Among the specific training indicators, the determinants of sports 
performance included volume swum at race pace (STI 105), arm technique drills (STI 
106), and technical drills (STI 108). Among general training means, performance was 
determined by recovery time (GTI 114), number of training sessions (GTI 111), and 
load time (GTI 113). 

The contribution is part of the UGA project V/4/2025 Training load determining sports 
performance in swimming
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CORRELATION OF SLEEP DURATION 
AND HANDGRIP STRENGTH IN 

WRESTLERS 

Nora Pisker¹, Mario Baić¹, Nebojša Trajković², Damir Pekas¹ 

¹Faculty of Kinesiology, University of Zagreb, Croatia 
²Faculty of Sport and Physical Education, University of Niš, Serbia

The study aimed to examine the relationship between the duration of sleep and 
handgrip strength in male wrestlers. Sleep is a fundamental factor influencing recovery, 
physiological adaptation, and athletic performance. Handgrip strength serves as an 
objective measure of upper body muscular strength and neuromuscular efficiency, 
which is crucial in combat sports such as wrestling. The research involved 111 male 
wrestlers (average age: 22.61 ± 11.26 years). Data collection and measurements were 
conducted by the Laboratory for Martial Arts at the Faculty of Kinesiology, University 
of Zagreb. Sleep duration was assessed through self-reported average hours of sleep per 
night, categorized using standard ranges. Handgrip strength was measured exclusively 
on the participants’ dominant hand using a calibrated hand dynamometer (Takei), under 
standardized conditions. Statistical analysis was carried out using Statistica software. 
Handgrip strength data met the assumption of normal distribution, as verified by the 
Shapiro–Wilk test, whereas sleep duration data deviated from normality. Due to the 
mixed distribution characteristics of these variables, non-parametric statistical methods 
were employed to assess their association. Spearman’s rank-order correlation coefficient 
was calculated to evaluate the relationship between sleep duration and handgrip 
strength. The analysis revealed no statistically significant relationship between average 
sleep duration and maximal handgrip strength within the sample of male wrestlers. This 
suggests that average sleep duration alone does not substantially affect handgrip strength 
in trained wrestlers. Other factors such as age, body composition, training volume, 
and experience are likely to exert a greater influence on neuromuscular performance. 
Additionally, the absence of correlation may reflect the relatively homogeneous sleep 
habits among athletes, potentially limiting variability in sleep-related data. These findings 
emphasize the complex and multifactorial nature of muscular strength development 
and athletic performance in wrestling. The results support the exploration of additional 
physiological, behavioral, and environmental variables that may contribute to strength 
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capacity. Future research should incorporate objective sleep quality measures alongside 
duration and control for confounding variables to better understand the relationship 
between sleep and muscular strength in wrestlers and other combat sports athletes. 

Keywords: Combat Sports, Athletic Performance, Muscular Strength, Association, 
Recovery.
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DIFFERENCES IN SITUATIONAL PARAMETERS OF 
TENNIS SERVE IN FEMALE PLAYERS AT ROLAND 

GARROS IN 2012 AND 2022

Sanja Košković, Zlatan Bilić, Petar Barbaros

Faculty of Kinesiology, University of Zagreb, Croatia

Purpose: This research examines the serve performance of female tennis players in the 
first rounds of the women’s singles competition at Roland Garros in 2012 and 2022. The 
primary objective is to identify differences in match performance based on serve-related 
parameters across the Grand Slam clay-court event. The secondary aim is to explore the 
difference due to the matches outcome and establish the correlation of serve parameters 
with the total number of points won. 
Methods: Data from 248 completed matches played in Roland Garros’s first rounds 
women’s singles were obtained from the official website, consisted of 124 matches in 
2012 and 2022 (www.rolandgarros.com). The input variables are the Number of aces, 
Double faults, the number of Points won on the first serve, the number of Points won 
on the second serve and Total points won. Apart from descriptive statistics, a one-way 
analysis of variance (ANOVA) was used to calculate the differences of all variables among 
observed Grand Slam. T-test with was used to explore the differences across groups with 
Levene’s test for equality of variances. The alpha level for significance was set at p<0.05. 
Results: Statistical analysis revealed significant differences between winners and losers 
across all observed variables. The 2022 data indicated a higher number of points won 
on the first serve compared to 2012. Furthermore, correlation analysis showed a strong 
relationship between the percentage of points won on the first serve and total points 
won, and between number of points won on the second serve and total points won, 
both for winners (r = 0.789–0.525; p < 0.01) and for defeated players (r = 0.898–0.774; 
p < 0.01).
Conclusion: The findings of this study highlight clear differences in serve performance 
between winners and losers in women’s singles matches at Roland Garros in 2012 and 
2022. The results suggest that first-serve efficiency has become an increasingly important 
determinant of success, with players in 2022 achieving a higher number of points won on 
their first serves compared to 2012. Strong correlations between serve-related variables 
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and total points won emphasize the crucial role of serve consistency and effectiveness 
in match outcomes. These insights may inform future training programs, emphasizing 
serve precision and reliability as key components of competitive performance in women’s 
professional tennis. Future coaching and training in women’s tennis should continue to 
focus on enhancing serve quality and consistency.

Keywords: tennis, clay court, tennis serve, women’s singles, Grand Slam.
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THE DIFFERENCE IN THE MAXIMUM FORCE OF THE 
ROUNDHOUSE KICK BETWEEN FREE EXECUTION AND 

REACTION TO A VISUAL STIMULUS

Radim Pavelka, Tereza Cvingerová, Vít Třebický

Department of Gymnastics and Combat Sports, Faculty of Physical Education and Sport, Charles 
University, Czech Republic

Purpose: In the realm of combat sports, the effectiveness of a strike is often determined 
by the force it delivers. Among the various techniques employed, the roundhouse kick 
is a fundamental and powerful maneuver, particularly in full-contact disciplines where 
it can secure points or even result in a knockout. Several biomechanical and situational 
factors, including limb alignment, body posture, and proximity to the target, influence the 
force of such a kick. While previous studies have typically measured kicking force under 
controlled laboratory conditions—allowing athletes to perform at their own pace—real 
combat scenarios demand rapid responses to unpredictable stimuli. This study aims 
to bridge that gap by examining how the maximum force of a roundhouse kick varies 
when executed freely versus in reaction to a visual stimulus, thereby simulating a more 
realistic combat environment.
Material & Methods: A total of 42 trained athletes (27 male and 15 female), all specializing 
in full-contact combat sports, participated in the study. Each athlete performed five 
maximal roundhouse kicks targeting an Aqua training bag with a built-in sensor 
reacting to the change in water pressure inside the bag. The kicks were executed under 
two distinct conditions: free execution (Control), where athletes kicked at their own 
discretion without external prompts, and reaction to visual stimulus (Experimental), 
where athletes responded to a randomized visual cue generated by BlazePod devices. 
After each kick, participants rated their perceived exertion using the RPE (Rate of 
Perceived Exertion) scale.
Results: Through two-way repeated measures ANOVA, we identified statistically 
discernible main effects attributable to condition and the athletes’ sex. The peak force 
generated during kicks was greater under the free condition (611 N) compared to the 
reaction condition (552 N), and male athletes produced a higher peak force than their 
female counterparts. Furthermore, the Rating of Perceived Exertion (RPE) significantly 
varied between conditions, with the free condition exhibiting higher levels of exertion. 
Notably, a positive correlation between RPE and peak forces was significant only within 
the free condition.
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Conclusion: The study demonstrates that the ability to generate maximum force during 
a roundhouse kick is compromised when athletes must react to a visual stimulus, as 
required in actual combat. This finding underscores the importance of incorporating 
stimulus-response training into combat sports regimens. By doing so, athletes may 
enhance their ability to deliver effective strikes under pressure, improving performance 
in competitive settings.

This study is supported by the Cooperatio Program, research area SPOB.

Keywords: martial arts; combat sports; high kick

Corresponding Author
Radim Pavelka (radim.pavelka@ftvs.cuni.cz) 
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DEVELOPING HIP JOINT RANGE OF MOTION 
IN YOUNG FOOTBALL PLAYERS THROUGH 

GYMNASTIC EXERCISES

Roman Malíř, Bianca Maria Laroëre, Anna Slavíková, Vít Třebický

Department of Gymnastics and Combat Sports, Faculty of Physical Education and Sport, Charles 
University, Prague, Czech Republic

Purpose: Hip joint range of motion (ROM) is essential for athletic performance and 
injury prevention in various sports, particularly football (1, 2). Gymnastics and its strong 
emphasis on mobility and flexibility offer a variety of exercises to develop hip joint ROM 
(3), which may be beneficial to football training. Previous research on stretching primarily 
focused on flexion and hamstring flexibility, but not the other directions—extension 
or abduction. Although some studies employed gymnastics-based interventions (3–5), 
specifics about these interventions were limited. This study aimed to test the effect of 
a detailed gymnastic exercise protocol on hip joint ROM in young football players. In 
addition, we constructed an effect size distribution (ESD) based on previous comparable 
studies (6) to contextualise our findings. Methods: Twenty-nine young footballers (Mage 
= 9.9, SD = 1.63 years) participated in a three-month intervention of three 30-minute 
gymnastics-based training sessions per week targeting mainly hip joint ROM. Hip 
abduction, flexion, and extension ROM were assessed using video-frame analysis. We 
ran three backward stepwise linear mixed-effects models. To build the ESD, we calculated 
Hedges’ g from 25 studies to establish field-specific benchmarks of effect size magnitude. 
Results: The results showed statistically discernible improvements in all three movement 
directions: abduction (Cohen’s d = 1.24, p < 0.001), flexion (Cohen’s d = 1.37, p < 0.001), 
and extension (Cohen’s d = 0.98, p < 0.001). According to the extracted ESD, these 
effects fall within the small-to-moderate range. Conclusion: Our study demonstrates 
that gymnastics-based exercises effectively improve hip ROM and offers an open, 
replicable protocol to guide both future research and practical applications in sports 
such as football.
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COMPARISON OF RUNNING PERFORMANCE BETWEEN 
U17 AND U19 FOOTBALL PLAYERS: ROLE OF PLAYING 

POSITION

Samuel Garažia, Dušana Augustovičová, Radovan Hadža

Department of Track and Field and Sport Conditioning, Faculty of Physical Education and Sport, 
Comenius University Bratislava, Slovakia

The aim of this study was to examine differences in running performance between 
U17 (16.33 ± 0.47 years) and U19 (18.43 ± 0.50 years) football players, as well as 
across playing positions, in the second-highest division of Slovak football. Running 
performance was assessed using the TeamPro Polar GPS system, which accurately 
tracks movement and velocity during matches. Key metrics included high-intensity 
running (Zone 4: 19.80–25.10 km/h), sprinting (Zone 5: >25.10 km/h) and maximum 
speed (MS). Data from 15 matches were analyzed using the Shapiro–Wilk and 
Kolmogorov–Smirnov tests for normality, and the Mann–Whitney U and unpaired 
t-tests to identify differences, with significance set at p < 0.05 and p < 0.01. Effect sizes 
(r/d) were calculated to assess practical significance. U17 players averaged 8840.32 m 
total distance (TD), 418.03 m in Zone 4, 87.73 m in Zone 5, and a MS of 29.51 km/h. 
U19 players averaged 9663.08 m TD, 510.20 m in Zone 4, 141.70 m in Zone 5, and a 
MS of 30.31 km/h. Positional comparisons (center backs – CBs; central midfielders – 
CMs; central forwards – CFs; full backs – FBs; wingers – Ws) expressed Zone 4 and 
Zone 5 as percentages of TD. Overall, U19 players covered greater total and high-
intensity distances and achieved higher maximum speeds than U17 players. Positional 
analysis revealed that CBs showed a significant difference only in sprinting distance 
(Zone 5; p < 0.05; r = 0.34), while no differences were found in Zone 4 (n.s.; d = 0.05) 
or MS (n.s.; d = 0.36). CMs differed significantly in MS (p < 0.05; d = 0.54), but not 
in Zone 4 (n.s.; r = 0.14) or Zone 5 (n.s.; d = 0.28). CFs showed the largest positional 
differences, with significantly higher values in Zone 5 (p < 0.01; d = 1.65) and MS 
(p < 0.01; d = 0.91), but not in Zone 4 (n.s.; d = 0.62). FBs demonstrated significant 
differences in both Zone 4 (p < 0.01; d = 0.83) and Zone 5 (p < 0.05; d = 0.57), while 
in MS there wasn´t significant difference (n.s.; d  = 0.15). Ws displayed significant 
differences in all metrics: Zone 4 (p < 0.05; r = 0.48), Zone 5 (p < 0.01; r = 0.67), and 
MS (p < 0.01; d = 0.86). These findings indicate that U19 players exhibit superior 
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running performance compared to U17 players, with notable positional variations—
particularly among attacking and wide players—highlighting the progressive physical 
demands of match play across age categories and positions in elite youth football.

Keywords: football, running performance, player positions, sprinting, high-intensity 
running. 
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MAXIMIZING DEADLIFT OUTPUT WITH 
MAGNESIUM CARBONATE AND LIFTING 

STRAPS

Saša Vuk, Bruno Damjan

Faculty of Kinesiology, University of Zagreb, Croatia

The deadlift is a cornerstone exercise for developing whole-body strength. However, 
its performance, particularly at high intensities, is often limited by grip strength and 
forearm muscle endurance. To mitigate these limitations, athletes commonly employ 
ergogenic aids such as magnesium carbonate (chalk) and lifting straps. This study aimed 
to quantify the effects of these aids on deadlift performance by evaluating the maximum 
number of repetitions, peak concentric velocity, and peak power output. Eight elite male 
powerlifters (age: 26.13±7.3 years; training experience: 6.13±3.5 years) participated in 
this study. Their one-repetition maximum (1RM) was established during a sanctioned 
national powerlifting competition. In a randomized, counterbalanced order, subjects 
performed three sessions, completing maximum repetitions to muscular failure at 85% 
of their 1RM under three conditions: (1) without any ergogenic aid (Control, CC), (2) 
using magnesium carbonate (MC), and (3) using lifting straps (LS). A 2D kinematic 
analysis was conducted by Tracker – video analysis and modeling tool (The Open Source 
Physics) to determine peak velocity and power. Statistical analysis was performed using 
a repeated measures ANOVA with Tukey’s post-hoc test. A statistically significant 
difference was found among the conditions (p=0.01). Post-hoc analysis revealed that the 
MC condition yielded a significantly greater number of repetitions compared to the CC 
condition (9.88±1.96 vs. 4.88±2.85 repetitions; p=0.01), representing a 102% increase. 
Furthermore, peak velocity was significantly higher in the MC condition compared to 
the LS condition (0.82±0.11 m/s vs. 0.64±0.18 m/s; p=0.04). No significant differences 
were observed among conditions for peak power output (p=0.13). The findings indicate 
that the use of magnesium carbonate is a highly effective ergogenic aid for submaximal 
deadlift performance. It substantially increases the number of repetitions achievable per 
set, likely by enhancing grip security and delaying localized forearm fatigue. This allows 
for a greater total training volume, a key driver of long-term strength and hypertrophic 
adaptations. While lifting straps also serve to bypass grip limitations, the use of chalk 
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appears superior for maintaining lifting velocity during high-effort sets. Therefore, the 
application of magnesium carbonate is recommended for optimizing deadlift training 
protocols focused on volume accumulation.

Keywords: grip strength, ergogenic aids, chalk, deadlift performance, powerlifting, 
training volume.
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DIFFERENCES BETWEEN BOXERS 
FROM TWO WEIGHT CLASSES IN 

EXPLOSIVE POWER

Sara Beram

Faculty of Kinesiology, University of Zagreb, Croatia

Boxing is considered to be one of the most challenging martial arts. Because of its 
complexity, it requires specific approach to training and preparing individuals. When 
discussing the motor capacity of this sport, boxer needs to develop all motor skills 
equally. In this work, we tested two groups of boxers from different weight classes on their 
explosive power, the ability to generate maximal muscular force in a minimal amount of 
time, which is important for boxing. The goal of this work is to determine whether there 
is a statistically significant difference between boxers in two weight classes (middle, 70kg 
to 80kg, and super heavyweight, 90kg and above) in tests of explosive power type such 
as speed, jumping, and throwing. The sample consisted of 20 boxers with national and 
international experience (age = 25.3 ± 5.0 years, body height = 184.6 ± 9.2 cm, body 
weight = 85.8 ± 10.6 kg). The measured variables included tests for speed of the sprint 
(time of passage at 5 and 10 meters, total time at 20m), squat jump, counter movement 
jump, CM left foot, CM right foot (CMJ max with hand swings, long distance jump and 
sargent 1), and average height (hf), average output force (Pavg). Furthermore, average 
contact time with the floor (tcont); 5-foot jumps; CMJ jumps in 15 seconds and 45 
seconds; and single-handed throws with a 3kg medicine ball, with distance measured in 
decimetres. The results showed a statistically significant difference in only one measured 
variable (right single-handed throw). At the same time, there were no statistically 
significant differences between boxers in two weight classes in any of the other measured 
variables. This shows that the boxers are not statistically different in motor capacity. In 
the training process, the plan and program can be the same for every boxer, regardless 
of the class from which the boxer comes, although it needs an individual approach, just 
because of physical, psychological, or genetic differences.

Keywords: boxing, weight classes, motor skills, explosive power, performance.
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THE GUT MICROBIOME AS A MISSING LINK IN 
RELATIVE ENERGY DEFICIENCY IN SPORT (REDS): 

A CONCEPTUAL FRAMEWORK

Adam Wagner¹, Johanna Ihalainen², Michal Kumstát¹

¹Department of Sport Performance and Exercise Testing, Faculty of Sports Studies, Masaryk 
University, Brno, Czech Republic

²Faculty of Sport and Health Sciences, University of Jyväskylä, Jyväskylä, Finland

Relative Energy Deficiency in Sport (REDs) is a multifactorial condition driven by 
chronic low energy availability (LEA) and characterised by metabolic, endocrine, 
and physiological impairments that negatively affect athlete health and performance. 
Although these systemic consequences are well described, the potential role of the 
gut microbiota as a mechanistic component within the REDs framework remains 
insufficiently explored. The gut microbiota, a complex microbial ecosystem regulating 
nutrient absorption, energy metabolism, immune function, hormonal balance, and 
inflammation, influences many processes disrupted in REDs. This suggests that gut 
dysbiosis may not only accompany REDs but may also intensify its clinical manifestations. 
Current evidence indicates that chronic energy restriction, high training volumes, 
and suboptimal dietary patterns can alter gut microbial composition and function. 
Observed changes include reduced microbial diversity, lower short-chain fatty acid 
production, increased intestinal permeability, and a shift towards pro-inflammatory 
taxa. These alterations may contribute to systemic inflammation, reduced metabolic 
flexibility, disturbances in appetite regulation, and endocrine dysfunction, aligning 
with established REDs mechanisms. Findings from eating disorder research provide 
additional support. Individuals exhibiting restrictive eating behaviours show consistent 
patterns of dysbiosis, diminished SCFA production, disrupted satiety signalling, and 
alterations in the gut–brain axis. While athletes represent a distinct physiological 
population, these observations highlight plausible pathways through which LEA 
may influence both physical and psychological dimensions of REDs via microbiota-
mediated mechanisms. Moderate physical activity and adequate energy intake generally 
promote microbial diversity and functional stability. In contrast, chronic high-
volume training without sufficient dietary support may compromise intestinal barrier 
function, recovery capacity, and immune resilience. In athletes, these disturbances can 
manifest as gastrointestinal symptoms, impaired nutrient absorption, reduced training 
adaptation, and increased susceptibility to illness. The gut–brain axis further provides a 
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potential link between microbiota alterations and psychological symptoms commonly 
associated with REDs, including fatigue, low mood, and heightened stress reactivity. 
This presentation introduces an integrative theoretical framework connecting LEA-
induced microbial alterations with REDs-related health and performance outcomes. By 
synthesising insights from exercise physiology, endocrinology, nutrition science, and 
microbiome research, the model outlines how dysbiosis may function as both a marker 
and mediator of physiological stress and energy deficiency. Potential applications 
may involve investigating whether gut microbiota profiling can provide additional 
insight into physiological stress associated with low energy availability, and evaluating 
nutritional strategies that may support microbial stability, including optimised dietary 
fibre intake, microbiota-accessible carbohydrates, or targeted probiotic and prebiotic 
interventions. While these approaches require further validation, they may represent 
promising avenues for expanding current frameworks of athlete health assessment.

Keywords: Relative Energy Deficiency in Sport, Gut Microbiota, Low Energy 
Availability, Athlete Health, Sports Nutrition
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DIURNAL AND MENSTRUAL CYCLE VARIATIONS IN 
STRENGTH PERFORMANCE: RESULTS OF AN ORIGINAL 

STUDY

Michaela Beníčková1, Adam Wagner2, Michal Bozděch3, Marta Gimunová1
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This study aimed to examine the effects of circadian rhythm and menstrual cycle phases 
on strength performance in naturally menstruating, physically active women. Thirty-
seven participants (age 18–35 years; performance tier 1–3) were initially enrolled, and 
twenty-seven completed all six testing sessions: three morning and three afternoon 
sessions performed during menstruation, ovulation and the mid-luteal phase. Morning 
testing sessions were conducted between 07:30–09:00 h and afternoon sessions between 
16:30–18:30 h. Menstrual cycle phases were identified using the onset of menstrual 
bleeding and urinary luteinizing hormone detection. Each testing session included 
a countermovement jump, handgrip dynamometry, and isokinetic knee flexor and 
extensor dynamometry. Significant diurnal variation in strength performance was 
observed. Countermovement jump height (p < 0.001), handgrip strength (p = 0.026), 
and dominant (p = 0.007) and non-dominant (p = 0.020) knee extensor strength were all 
higher in the afternoon than in the morning, while no circadian effect was detected for 
knee flexor strength. Strength performance did not differ significantly across menstrual 
cycle phases, indicating that performance remained relatively stable throughout the 
cycle. Our findings suggest that circadian rhythm is an important factor influencing 
strength performance and should be considered when scheduling strength testing in 
women. Future studies should include monitoring of hormone levels to accurately 
determine and verify menstrual cycle phases, incorporate additional testing times, and 
recruit larger or more diverse samples to improve generalizability and better characterize 
individual variability.

Keywords: ovarian cycle; circadian rhythm; chronotype; countermovement jump; 
handgrip; isokinetic strength; women.
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EFFECTIVENESS OF PILATES EXERCISE IN CHRONIC 
NONSPECIFIC LOW BACK PAIN: A SYSTEMATIC 

SYNTHESIS OF RANDOMIZED CONTROLLED 
TRIAL RESULTS COMPARING DOSE, FORM, AND 

COMPARATIVE THERAPIES

 Alena Kostelníková, Michal Bozděch, Alena Koblížková 

Faculty of Sports Studies, Masaryk University, Brno, Czech Republic 

The aim of this systematic review was to evaluate the effectiveness, optimal dosage, and 
cost-utility of Pilates exercises for adults suffering from chronic non-specific low back 
pain (CNLBP), defined as pain lasting 12 weeks or longer. The review focused exclusively 
on randomized controlled trials (RCTs) identified through searches in databases 
covering the publication period from 2014 to 2024. Key outcomes analyzed included 
pain intensity, functional disability, and health-related quality of life (QoL), alongside 
psychological factors such as kinesiophobia (fear of movement) and pain catastrophizing. 
The synthesis of data revealed that adding Pilates to minimal intervention provides 
small to moderate benefits for reducing pain and disability. Regarding the frequency of 
treatment, a dose of twice a week (12 sessions) was generally found to be more effective 
for clinical results (pain and disability) than once a week. From an economic perspective, 
attending three times a week was the preferred option in terms of cost-utility for gaining 
Quality-Adjusted Life-Years (QALYs). When comparing specific modalities, equipment-
based Pilates was superior to Mat Pilates for improving disability and kinesiophobia in 
the 6-month follow-up. However, programs focusing on either low back mobility or 
stability were found to be equally effective in improving pain, disability, and movement 
functionality. When directly compared with home-based exercises, Pilates resulted in 
significantly lower pain and disability immediately after the intervention. However, 
these differences were generally not considered clinically relevant for pain and disability, 
though the improvement observed in quality of life was statistically significant and did 
reach a clinically relevant difference. Furthermore, adding Photobiomodulation Therapy 
(PBMT) to a Mat Pilates program did not provide any additional effect for reducing peak 
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pain intensity, perceived disability, or pain catastrophizing, nor did it improve postural 
balance. In conclusion, Pilates therapy is an effective option for treating CNLBP, with a 
frequency of twice a week generally providing the best balance of clinical results, and 
therapeutic recommendations should ultimately be guided by the preference of the 
practitioner or the patient. 

Keywords: Pilates, Chronic Low Back Pain, Randomized Controlled Trial, Quality of 
Life.
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AUTONOMY SUPPORT ENHANCES THE 
PERFORMANCE OF FORM-BASED MOTOR SKILLS 

IN GYMNASTICS

Bianca Maria Laroëre1, Jiří Mudrák2, Reza Abdollahipour3, Roman Malíř1, Takehiro Iwatsuki4, 
Vít Třebický1

1Department of Gymnastics and Combat Sports, Faculty of Physical Education and Sport, Charles 
University,Prague, Czech Republic
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Autonomy support (AS) is associated with enhanced motor performance, learning, 
and psychological well-being across various populations and motor skills. However, 
research on AS in aesthetic sports remains limited and predominantly observational. 
This pre-registered study (osf.io/brnxw) aimed to compare AS (choosing task order) to 
a yoked control condition (Con) on motor performance. We predicted that AS would 
lead to improved performance, reflected by fewer execution deductions, compared 
to Con. We also explored perceived exertion and intrinsic motivation. Thirty female 
aerobic gymnasts (Mage = 13.8 years, SD = 2.52) performed three tasks–jumping, 
static strength, and coordination–evaluated by two certified gymnastics judges, under 
both AS and Con conditions, in counterbalanced order. Participants also completed 
the 10-point Borg Scale for perceived exertion (before and after conditions) and the 
Intrinsic Motivation Inventory assessing perceived choice, competence, and pressure/
tension (after conditions). Results showed that linear mixed-effects models analysis 
revealed statistically discernible better performance under AS compared to the Con 
condition (βunstandardised = 0.017, 95%CI [0.004, 0.031], p = 0.011), suggesting 
an 8% improvement in execution scores. Perceived exertion was observed to be 16% 
greater in AS than Con (βunstandardised = −0.275, 95%CI [−0.539, −0.011], p = 0.042), 
and 18% higher in post- compared to pre-condition (βunstandardised = 1.47, 95%CI 
[1.211, 1.74], p < 0.001). However, no statistically discernible effects were found in any 
of the intrinsic motivation dimensions (all βsunstandardised < −0.08, all ps > 0.101). 
Our findings support the positive impact of AS on gymnastics performance, aligning 
with our predictions and extending prior literature to aesthetic sports contexts. By 
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prioritising athletes’ need for autonomy, practitioners in the aesthetic sports field may 
achieve not only the technical improvement observed in our study but also contribute to 
more empowering environments for their performers. 

The study was supported by the GAUK (project no. 263923), Cooperacio (research area 
SBOP), and SVV (no. 260 731/2023).

Keywords: coaching for agency; self-controlled practice; motivation; well-being.
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JOB SATISFACTION, STRESS & 
COPING: CROATIAN HANDBALL 

COACHES

Renata Barić, Jelena Gerjević

Faculty of Kinesiology, University of Zagreb, Croatia

The mental health of athletes has received increasing research attention in recent years, 
while the psychological well-being of coaches has remained relatively overlooked 
despite their crucial role in athlete development and team performance. Coaches 
operate in highly demanding environments characterized by performance pressure, 
public scrutiny, and constant evaluation, which may lead to elevated stress, burnout, 
and reduced job satisfaction. This study aimed to examine the levels of job satisfaction, 
perceived stress, burnout, and coping strategies among Croatian handball coaches, as 
well as the differences related to their demographic and professional characteristics. 
The sample included 131 participants (42 women, 89 men) aged between 24 and 73 
years (M women = 43.9, M men = 44.7). On average, women had 13.62 and men 16.52 
years of coaching experience. The majority of participants coached at the national club 
competition level (68.9%), while 11.4% were involved in international club competition. 
To assess burnout, a set of 15 items corresponding to the Croatian version of the Coach 
Burnout Questionnaire (CBQ) (Malinauskas, Malinauskiene, and Dumciene, 2010) was 
used, while perceived stress was measured with a single-item question asking coaches 
to rate how stressful they find their coaching job on a 1–10 scale. Job satisfaction was 
assessed using the Michigan Organizational Assessment Questionnaire – Job Satisfaction 
Subscale (MOAQ-JSS) (Cammann, Fichman, Jenkins and Klesh, 1983), and coping with 
stress was evaluated with the Coping with Stress Scale (Buško, 2007). Overall, handball 
coaches reported moderate perceived stress (M women=6.55; M men=7.03) and 
relatively high job satisfaction (M women=7.21; M men=7.27). Importantly, handball 
coaches holding higher licences and those coaching higher-ranking teams reported 
higher perceived stress compared with colleagues holding lower licences or coaching 
lower-ranking teams. In contrast, job satisfaction was higher among coaches with 
lower licences and among those coaching higher-ranking teams, indicating a complex 
relationship between qualification level, team competitive rank, stress, and satisfaction. 
The most frequently reported stressors included performance expectations and results, 
organizational and management problems within clubs, referees’ decisions, and parents’ 
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behaviour. To manage these challenges, the most frequently used coping strategies were 
active and problem-oriented, such as analyzing situations, making plans, improving 
skills, thinking before reacting, seeking advice from experienced colleagues, and relying 
on social support. Burnout levels among coaches were generally low to moderate 
(M = 2.26), yet a smaller portion of participants showed signs of elevated burnout, 
which is concerning and suggests that targeted psychological support and preventive 
interventions are needed. For these reasons, it is crucial to raise awareness and educate 
coaches about the importance of mental health, as coaches who prioritize and maintain 
their own mental well-being are better equipped to support their players and positively 
influence overall team performance and results.

Keywords: mental health, coaching, stress, job satisfaction, coping, burnout, handball.
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FROM TREATMENT TO MOVEMENT: CAN A 
TRAINING DIARY HELP CANCER SURVIVORS 

KEEP THE CHANGE?

Karolína Kapounková, Kateřina Kapounková, Pavlína Bazalová, Iva Hrnčiříková, Marie 
Šimonová, Robert Vysoký
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Objective: This abstract presents the rationale and ongoing evaluation of a printed 
training diary developed within the OnkoFit program, designed to support physical 
activity adherence and self-regulation in women after breast cancer treatment. Although 
the benefits of regular physical activity for cancer survivors are well established, including 
improvements in physical fitness, fatigue, quality of life, and psychological wellbeing, 
long-term behaviour maintenance remains difficult for many survivors. Challenges such 
as fluctuating motivation, fear of overexertion, treatment-related fatigue, and difficulties 
in forming new habits highlight the need for accessible, low-cost tools that support self-
monitoring and behaviour change.
Methods: A targeted literature review identified only a small number of studies 
addressing the use of paper-based training diaries in oncology populations. These 
studies differed substantially in structure, duration, and reporting, and provided limited 
evidence regarding the mechanisms through which such diaries may support behaviour 
change. Based on these findings, a structured printed training diary was implemented 
in a 12-week supervised exercise intervention for breast cancer survivors in the OnkoFit 
program. The diary allows participants to record exercise sessions, perceived exertion, 
daily activity levels, sleep and fatigue, mood, and other indicators of wellbeing. It also 
includes space for goal-setting and personal reflections to encourage the use of self-
regulatory strategies such as planning, monitoring, evaluation, and adjustment of 
behaviour. Upon completion of the program, a focus group will be conducted to evaluate 
the diary’s usability, perceived benefits, barriers, and suggestions for improvement. 
Particular attention will be given to how the diary may influence motivation, habit 
formation, and long-term adherence once supervision ends.
Expected Contribution: This project aims to provide new insights into the potential 
role of a simple, low-cost paper-based training diary in supporting physical activity 
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maintenance among women after breast cancer treatment. By addressing the current gap 
in evidence on the effectiveness and acceptability of paper diaries and by considering 
possibilities for future digital adaptations, the study may inform the design of scalable 
interventions for broader oncology and chronic-disease populations. The findings may 
thus contribute to international knowledge sharing and support clinicians, researchers, 
and practitioners in developing practical tools that help cancer survivors maintain 
physically active lifestyles beyond structured exercise programs.

Keywords: breast cancer survivors; physical activity; training diary; motivation; self-
regulation; adherence; OnkoFit program.
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The importance of regular, structured physical activity for individuals with oncological 
disease is widely recognized among experts in medicine, physiotherapy, and exercise 
science. Systematic, targeted compensatory exercise contributes not only to the 
restoration of physical fitness and functional capacity but also significantly improves 
psychological well-being, self-esteem, and overall quality of life. Numerous reviews have 
confirmed that physical activity during or after cancer treatment leads to statistically 
significant improvements in both physical and psychosocial outcomes. Resistance and 
aerobic training enhance physical performance, reduce fatigue, and improve quality 
of life among oncology patients. Building on these findings, a pilot low-treshold and 
individualized program of targeted physical activities for oncology patients in Pilsen 
was launched in September 2024 through collaboration between the Center of Physical 
Education and Sport, Faculty of Education, University of West Bohemia, patient 
organizations, and the Oncology Center of the University Hospital in Pilsen. The program 
aims to support physical fitness, compensate for the effects of cancer treatment, and 
promote an active lifestyle through professionally supervised, individualized exercise 
sessions. The program currently includes four types of activities: health-oriented and 
conditioning exercise with physiotherapeutic elements, Nordic walking, onco-yoga, and 
aqua fitness. Sessions are held once per week over a 12-week period, with voluntary 
participation free of charge or with minimal co-payment. A total of 39 patients have 
been enrolled in the program thus far (median age 53 years, 36 women and 3 men) with 
various types of oncological disease (most commonly breast cancer – 61%) at different 
stages of the disease (complete remission – 72%, active or metastatic disease – 28%) 
and treatment phase (20% without ongoing treatment, including hormonal therapy). 
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Evaluation tools include the Six-Minute Walk Test (6MWT), the Rating of Perceived 
Exertion (RPE), and a Subjective Well-being / Quality of Life questionnaire. A trend of 
improvement in physical fitness and perceived effort was noted among the participants. 
A slight increase in QoL values was detected by the questionnaire survey: 80(40–95) vs. 
85(35–95), (p = 0.020). Most respondents rated the program as beneficial and expressed 
interest in continuing. The pilot phase confirmed the feasibility and benefit of targeted 
compensatory physical activities in oncological care. The key factors are interdisciplinary 
cooperation, professional guidance and an individual approach, which strengthen safety, 
trust and joy of movement. The program also creates space for further connections with 
physiotherapy, rehabilitation and spa services. The challenge is to support greater patient 
involvement in these activities.

Keywords: oncology patients, physical activity, compensatory exercise, quality of life, 
pilot program.
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SMO2 DEOXYGENATION SLOPE AS A MARKER OF 
NEUROMUSCULAR PERFORMANCE IN ELITE JUNIOR 

ICE HOCKEY PLAYERS

Leonard Lendvorský, Timotej Suran, Tomáš Tolkunov, Kristína Špitková, Richard Dúbravský, 
Milan Kováč, Jana Pelikánová

National Sport Center of Slovakia, Bratislava, Slovakia

Background: Near-infrared spectroscopy (NIRS) provides continuous, noninvasive 
monitoring of muscle oxygenation (SmO₂) during exercise. The SmO₂ deoxygenation 
slope (rate of decline during work; %·s⁻¹) is proposed to reflect the rapidity and 
magnitude of local metabolic engagement and motor-unit recruitment during high-
intensity tasks. Although evidence from high-intensity exercise suggests that faster 
deoxygenation is associated with greater neuromuscular capacity, ice hockey specific 
data directly relating NIRS kinetics to jump performance and hip strength remain 
limited. Purpose: To examine associations between the SmO₂ deoxygenation slope and 
markers of explosive performance and isometric hip strength in elite junior ice hockey 
players. Methods: Ten male elite juniors several competing in North America and the 
remainder in the highest Slovak junior league participated (age 18.26 ± 1.31 y; height 
180.5 ± 4.88 cm; body mass 80.55 ± 6.80 kg; muscle mass 40.63 ± 2.88 kg; fat mass 
9.63 ± 3.81 kg). Athletes performed a 30-s all-out Wingate test on a Monark 894E 
cycle ergometer. Bilateral SmO₂ of the vastus lateralis was recorded using wearable 
NIRS sensors (Moxy Monitor). A composite L+R value was derived as the mean of 
limb z-scores. Explosive performance was assessed using the broad jump, squat jump 
(SJ), and countermovement jump (CMJ) on ForceDecks (VALD Performance). Hip 
adductor (ADD) and abductor (ABD) maximal isometric strength were measured 
on a ForceFrame (VALD Performance) in absolute (N) and relative (N·kg⁻¹) terms. 
Pearson correlations were calculated for composite variables. Results: Wingate outputs 
were 1091.84 ± 124.53 W (max) and 765.61 ± 61.25 W (average), with relative values 
of 13.59  ± 1.17 W·kg⁻¹ (max) and 8.14 ± 1.53 W·kg⁻¹ (average). Jump performance 
averaged 37.43 ± 4.59 cm (SJ) and 39.61 ± 5.19 cm (CMJ). Hip strength (mean of left and 
right) was 478.26 ± 54.54 N and 5.96 ± 0.63 N·kg⁻¹ for adductors, and 437.74 ± 66.66 N 
and 5.45 ± 0.64 N·kg⁻¹ for abductors. Correlations between Wingate outputs and the 
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SmO₂ deoxygenation slope were weak (highest r  =  0.36 for average absolute power). 
In contrast, strong associations were observed between the deoxygenation slope and 
neuromuscular parameters: SJ (r = 0.71, p = 0.021), CMJ (r = 0.74, p = 0.016), ADD 
(N·kg⁻¹; r = 0.83, p = 0.003), and ABD (N·kg⁻¹; r = 0.71, p = 0.022). Conclusion: A 
steeper SmO₂ deoxygenation slope was associated with greater explosive and isometric 
strength, particularly in the hip adductors, suggesting that faster oxygen extraction 
reflects superior neuromuscular efficiency and motor-unit recruitment. These findings 
support the use of NIRS-derived deoxygenation slope as a practical, noninvasive marker 
of lower-limb performance in elite ice hockey players. Practical Implications: This pilot 
study provides novel insight into the relationship between muscle oxygenation kinetics 
and neuromuscular performance in ice hockey. Future studies with larger samples and 
on ice validation are warranted.
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THE FUTURE OF HUMAN MOVEMENT 
EVALUATION: AI AND MARKERLESS 

TECHNOLOGIES

Mario Kasović1,2, Tomáš Vespalec2, Mateja Očić1

1Faculty of Kinesiology, University of Zagreb, Croatia
2Faculty of Sports Studies, Masaryk University, Brno, Czech Republic

The development and widespread application of artificial intelligence (AI) and computer 
vision systems have brought significant changes to human movement analysis, particularly 
in the field of kinesiology. Traditional methods, which require the placement of physical 
markers and complex equipment, are often invasive, costly, and limited in practical 
use—especially in real-world settings such as sports, rehabilitation, and daily activities. 
Although markerless systems have demonstrated high accuracy for simpler movements, 
their application to more complex three-dimensional activities and challenging 
conditions remains an area of ongoing development. This paper aims to provide an 
overview of the latest advancements in AI-based markerless systems in kinesiology. It 
analyses their advantages, challenges, and potential for future development, focusing 
on their accuracy, practicality, and role in diagnosis, assessment, and optimization of 
human movement in various contexts. This review is based on the analysis of relevant 
scientific studies published in recent years, sourced from databases such as PUBMED 
and Google Scholar. Key terms include “artificial intelligence,” “markerless systems,” 
“kinesiology,” and “movement analysis.” The methodology encompasses applications of 
deep learning and computer vision models, as well as assessments of their accuracy and 
reliability in real-world environments, with comparisons to traditional marker-based 
techniques. Research indicates that markerless systems such as OpenPose, DeepLabCut, 
and Theia3D can effectively quantify kinematic and kinetic parameters, with errors 
generally below 10°. High levels of precision are particularly noted for simple movements 
like walking, running, and squatting, whereas more complex activities like trunk 
rotations or upper limb movements still pose challenges, especially in conditions of poor 
lighting or when body parts are obscured. Benefits of these systems include their non-
invasive nature, potential for use in natural environments, lower costs, and widespread 
availability through common cameras and smartphones. Studies also highlight certain 
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limitations in achieving high accuracy for complex movements and in adverse recording 
conditions. AI-powered markerless systems represent a promising and increasingly 
popular alternative to traditional human movement analysis methods. With ongoing 
algorithmic improvements, these technologies hold great potential for broad application 
in medicine, sports, and education, providing faster, more accessible, and non-invasive 
biomechanical assessments. Further standardization of validation procedures, increased 
robustness across different conditions, and integration with multisensor technologies 
are necessary steps forward. With continued advancements, markerless systems are 
poised to become standard tools for personalized rehabilitation, sports performance 
analysis, and early detection of abnormal movement patterns, significantly contributing 
to improved quality of life and more effective therapeutic interventions.

Keyworlds: Kinesiology, AI, Markerless Technologies.
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ROBOTIC-ASSISTED NEUROREHABILITATION 
FOR TRUNK CONTROL IN SPINAL CORD 

INJURY

 Mark Tomaj, Tatjana Trošt Bobić

University of Applied Sciences, Ivanić-Grad, Croatia 
Faculty of Kinesiology, University of Zagreb, Croatia

Spinal cord injury (SCI) is a complex neurological condition that can arise from 
traumatic or non-traumatic causes, resulting in damage to motor, sensory, and 
autonomic pathways. Consequently, the level of injury directly determines the extent 
of motor, sensory, and autonomic dysfunction. SCI is one of the leading causes of 
long-term disability, with over 4.5 million years of life lost due to disability reported 
in 2021. Globally, more than 15 million people are living with spinal cord injury, 
and the incidence of new cases continues to increase, underscoring the urgent need 
for effective rehabilitation strategies. Advances in medical care have enabled survival 
following injury and extended the life expectancy of affected individuals. In recent 
decades, substantial progress in the rehabilitation of thoracic spinal injuries has been 
achieved through the implementation of robotic systems. These robotic systems 
enhance motor function, strength, coordination, balance, and overall patient condition. 
Advanced robotic technologies employ real-time feedback and data analysis to promote 
neuroplasticity and facilitate personalized rehabilitation programs tailored to the 
individual progress of each patient. Research consistently demonstrates that robotic 
therapies significantly improve motor function, balance, and coordination, effectively 
complementing conventional rehabilitation approaches. This study was conducted on a 
sample of 17 participants with thoracic spinal cord injuries. Trunk control was assessed 
using the Trunk Control Measurement Scale (TCMS), a tool designed for individuals 
with neurological impairments, including SCI, stroke, and cerebral palsy. TCMS 
evaluates functional trunk abilities, including rotation and stability during fundamental 
movements such as turning in bed or rising to a seated position. Participants underwent 
an eight-week neurorehabilitation program combining conventional physiotherapy 
with robot-assisted therapy. The robotic systems were specifically designed for the 
rehabilitation of the upper extremities and trunk, providing targeted stimulation 
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of motor functions. Statistical analysis revealed a significant improvement in trunk 
control following the combined rehabilitation program (p < 0.01). Integration of robotic 
therapy with conventional approaches enhanced reach and seated balance, enabling 
patients to achieve greater trunk control during daily activities. The results of this study 
confirm that the combination of robotic and conventional therapy can substantially 
enhance the functional abilities of individuals with spinal cord injury. This integrated 
approach supports personalized rehabilitation, improves motor and trunk stabilization 
capabilities, and contributes to the quality of life and independence of patients, while 
simultaneously emphasizing the critical role of advanced technological solutions in 
contemporary neurorehabilitation.

Keywords: balance, functional recovery, motor function, neuroplasticity. 
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FORECASTING PERFORMANCE ESCALATION IN JUNIOR 
MALE TENNIS: A BAYESIAN ANALYSIS OF ITF RANKING 

THRESHOLDS (2004–2024)

Michal Bozděch, Alena Kostelníková, Pavlína Vaculíková

Department of Physical Education and Social Sciences, Faculty of Sports Studies, Masaryk 
University, Brno, Czech Republic

This study was conducted to examine long-term developments in performance standards 
among junior male tennis players competing in the ITF World Tennis Tour Juniors 
from 2004 to 2024. Percentile-based thresholds (P90, P75, P50) were determined using 
binary logistic regression and forecasted via a Bayesian time-series model (Prophet). 
A sample of 8,082 players was analysed to estimate annual cut-off values and project 
future trajectories. Fourteen changepoints were detected in each performance tier, 
indicating repeated structural adjustments and confirming a non-stationary competitive 
environment. An exponential upward trend in performance thresholds, expressed in ITF 
year-end ranking points, was observed, with R² values ranging from .811 to .835. Over 
the research period, the P50 cut-off rose 2.50 times, from 352.3 points in 2004 to 880.8 in 
2024, while the P90 threshold increased by 2.67 times, from 572.3 to 1537.4. Year-over-
year growth rates reached 21.9% for P90 and 18.5% for P50 thresholds. Analysis of Year-
end Ranking 2024 further revealed that higher-ranked players participated in fewer 
tournaments (singles and doubles) but demonstrated greater efficiency in those events. 
According to the Prophet model forecasts, cut-off values are expected to reach 1766 
points for P90, 1546 for P75, and 1013 for P50 by 2029. Forecasting parameters further 
supported sustained growth in performance standards across all tiers. To maintain 2024’s 
efficiency, juniors would need to participate in 3.3 (P90) to 4.4 (P50) tournaments per 
season to achieve higher rankings strata by 2029. These findings highlight the necessity 
for adaptive, data-informed strategies in talent development, tournament scheduling, 
and performance benchmarking. By integrating historical ranking data with predictive 
modelling, the study offers practical tools for coaches, players, and federations to 
navigate a dynamically evolving junior tennis landscape.

Keywords: Percentile thresholds, Bayesian Prophet, Forecasting, Ranking trends, 
Changepoints, Talent identification, Longitudinal study.
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HEALTH INFRASTRUCTURE IN 
NATIONAL SPORTS FEDERATIONS: 

THE PILOT STUDY

Šimon Kozák, Dušana Augustovičová, Branislav Delej

Department of Track and Field and Sport Conditioning, Faculty of Physical Education and Sport, 
Comenius University in Bratislava, Slovakia

Injuries and injury prevention is one of the main and most discussed topics of sport 
sciences that needs to be researched in order to help athletes stay healthy and keep 
their performance at a top level. Despite knowing that injury prevention and athlete’s 
health is one of the priorities of international federations, there are gaps in international 
federations programs for athlete’s health. To fill this gap, we approached national sport 
associations and federations with questionnaire about health, medicine and science, 
which consisted of 21 questions divided into 6 main domains, (1) Health policies and 
programs, (2) Activities and initiatives, (3) Medical examinations and evaluations, (4) 
Responsibility and structure, (5) Monitoring and research, (6) Practice and suggestions. 
The questionnaire has been sent to 68 national sport federations and respond rate was 
54,4% (37 returned answers). Results have been analysed by Chi-Square statistical test. 
Some of the results of this questionnaire: 35% of national federations hold the position 
of a doctor, medical commission or health specialist. 51,4% of federations require 
PPE (Pre-Participation Examine) before the competition. 16,2% of federations have 
internal guidelines for the return of athletes after injury. Monitoring of athletes have 
been done by 37,8% of national federations. We found a significant relationship between 
whether national federation have access to a healthcare specialist and whether athletes 
are monitored in any way (X2 = 5.90, p < 0.05) and also if they have created program 
for support of athletes health (rehabilitation, injury prevention and psychological 
support) (X2 = 6.55, p < 0.05). The questionnaire has showed us some really important 
informations and missing links in national federations, which can help us provide these 
federations with precise help or support. Health infrastructure, athletes monitoring or 
programs for athletes about injury prevention and rehabilitation are tasks of national 
federations that can be improved for better healthcare for athletes. 

Keywords: health infrastructure, national federations, healthcare.
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USE OF WHOLE-BODY MULTIFREQUENCY BIA FOR THE 
DIAGNOSIS AND MONITORING OF INTERVENTION EFFECTS 

ON SARCOPENIA IN WOMEN AGED 65 AND OLDER

Václav Bunc

Faculty of Pedagogy, Charles University, Prague, Czech Republic

Background: Physical activity tailored to the health status and abilities of older adults is a 
key strategy for improving muscle function and promoting muscle hypertrophy. Assessing 
body composition using whole-body bioelectrical impedance analysis (BIA) is a suitable 
method for diagnosing age-related loss of muscle mass—sarcopenia. The aim of this study 
was to evaluate the effects of physical activity on body composition in women aged 65 and 
older using BIA, and to determine the sarcopenia threshold in this population. Methods: 
To achieve this, a group of healthy Czech senior women was assessed using whole-body 
multifrequency BIA, including measurements of phase angle, body fat, and muscle 
mass, with prediction equations validated for the Czech senior population. Functional 
muscle parameters were evaluated using a hand-held dynamometer in a seated position, 
a 30-second step test (onto a 20 cm platform), and a dynamic walking test (a 1600 m 
walk in outdoor terrain and a graded treadmill walking test). Two groups were compared: 
Physically active women (n = 28; age 69.5 ± 2.1 years; physical activity 12.9 ± 3.1 h/week; % 
body fat: 29.6 ± 2.8; % muscle mass: 31.8 ± 4.2; FFMI: 18.6 ± 2.7 kg/m²; handgrip strength: 
25.0 ± 3.0 kg; step-ups: 14.9 ± 2.5/30s; 1600 m walking speed: 5.8 ± 0.3 km/h). Non-active 
women (n = 32; age 70.1 ± 2.5 years; physical activity 4.1 ± 3.8 h/week; % body fat: 38.1 ± 3.1; 
% muscle mass: 21.5 ± 2.7; FFMI: 16.2 ± 2.5 kg/m²; handgrip strength: 14.1 ± 3.5 kg; step-
ups: 4.1 ± 0.9/30s; 1600 m walking speed: 4.3 ± 0.4 km/h). The sarcopenia threshold was 
evaluated based on modified EWGSOP2 recommendations. Results: The results indicate 
that, when using standardized protocols and validated prediction equations specific to the 
studied population, whole-body BIA is sufficiently sensitive to detect the effects of physical 
activity interventions in women aged 65 and older. When combined with the evaluation 
of functional muscle performance, BIA provides a reliable and effective method for both 
determining the sarcopenia threshold and assessing healthy aging. Conclusions: Our 
findings, supported by existing literature, suggest that standardized, population-specific 
BIA protocols, when combined with assessments of functional muscle performance, 
provide a reliable approach for evaluating the effects of exercise interventions and for 
monitoring sarcopenia and healthy aging in older women.
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EFFECTIVENESS OF IMPLICIT LEARNING IN TEACHING 
THE SKATING TECHNIQUE IN CROSS-COUNTRY SKIING 

AMONG BEGINNERS

Alexandr Paťava, Tereza Možná, Sylva Hřebíčková

Faculty of Sports Studies, Masaryk University, Brno, Czech Republic

Purpose: Cross-country skiing represents one of the most complex locomotory and 
coordinatively demanding movements. Deterioration in technique quality under fatigue 
or stress highlights the importance of effective teaching strategies. This study focuses on 
the effectiveness of implicit learning, which emphasizes the natural acquisition of skills 
through practical experience and movement task solving without direct instructions, 
in teaching the V1 (offset skate) and V2 (two-skate) techniques among beginners. 
Aim: The aim was to determine how a learning process based on implicit principles 
influences the quality and speed of skating technique acquisition, comprehension of 
movement tasks, and the subjective learning experience among beginners. Methods: 
The research involved 9 students from the Faculty of Sports Studies, Masaryk University 
(age 22.2 ± 1.5 years) with no prior experience in cross-country skiing, who were taught 
using the implicit method. The instruction took place during a two-day block within a 
winter course and included exercises based on discovery, metaphors, and game elements 
with minimal verbal instructions. Data collection involved expert video analysis of 
technique performed by three independent evaluators (ICC for V1 = 0.703; ICC for 
V2 = 0.677), systematic observation, and semi-structured interviews. The results of 
the implicit group were compared with those of a control group (n=9) taught using an 
explicit method. Results: The implicitly taught group achieved statistically significantly 
higher technique scores in both skating styles compared to the explicitly taught group 
(V1 skate: p = 0.013; V2 skate: p = 0.0003). The average score for the implicit group was 
4.8 ± 1.8 points for V1 skate and 5.5 ± 1.5 points for V2 skate, whereas the explicit group 
achieved averages of 2.8 ± 0.8 and 2.6 ± 0.9 points, respectively. Students in the implicit 
group perceived the instruction as more natural, enjoyable, and motivating, fostering 
self-discovery and a deeper understanding of movement, although some missed more 
specific feedback. Conclusion: Implicit learning proved to be an effective strategy for 
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teaching complex skating techniques to beginners. It leads to better skill acquisition and 
a more positive perception of the learning process compared to the explicit method. The 
findings suggest that implicit approaches can reduce cognitive load and promote more 
natural movement development, which is particularly beneficial in the initial stages of 
learning coordinatively demanding sports. Integrating implicit strategies into cross-
country skiing instruction is a practical recommendation for teaching practice.

Keywords: implicit learning, motor learning, cross-country skiing, skating technique, 
beginners, teaching effectiveness.
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MOTOR COORDINATION DURING OBJECT CATCHING 
AS AN INDICATOR OF MOTOR DEVELOPMENT IN 

PRESCHOOL CHILDREN: A PILOT MULTIPLE CASE STUDY.
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Purpose: Bimanual catching is an interceptive task demanding accurate integration of 
feedforward and feedback motor control, mechanisms that develop gradually between 
ages 4 and 7. Children at risk of Developmental Coordination Disorder (DCD) typically 
exhibit lower movement velocities and delayed onset. This study aimed to compare 
upper-limb kinematic parameters in children with typical development (TD) and 
those at risk of DCD during a bimanual pendulum-catching task under two temporal 
constraints. Methods: Totally were assessment 4 boys: 6.5-Year-Old TD and 6.5-Year-
Old risk of DCD, 4.5-Year-Old TD and 4.5-Year-Old at riks of DCD. In this multiple case 
study were recorded movements of Upper limb using three synchronized high-speed 
cameras. Kinematic analysis focused on peak and average velocity, time to peak velocity, 
and interlimb variability. Catching accuracy was defined as stopping the pendulum 
at 0°; deviations >36.5° were misses. The number of attempts required to achieve ten 
valid trials served as an indicator of control stability. Participants were stratified into 
TD and at-risk groups based on the MABC-2. The task involved catching a pendulum 
under short (750 ms) and long (1500 ms) conditions. Group differences were analyzed 
using the Mann–Whitney U test, and interlimb differences using the Wilcoxon signed-
rank test. Results: 4.5-Year-Old Participants: The 4.5-year-old TD participant displayed 
significantly higher velocities than the at-risk participant across trials (p < 0.01). The 
TD child exhibited significant interlimb asymmetry in average velocity only during 
the short task (p = 0.022). Conversely, the 4.5-year-old at-risk participant consistently 
showed lower velocities and rigid interlimb symmetry with no significant lateral 
differences. Regarding stability, the TD child required fewer attempts (10 short / 11 
long) compared to the at-risk child (15 short / 13 long), who committed frequent errors 
under pressure. The 6.5-year-old typically developing (TD) participant demonstrated a 
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clear lateral preference for the Left Upper Limb (LUL). The LUL exhibited consistently 
higher peak and average velocities than the ri Right Upper Limb (RUL) across both the 
short (p < 0.01) and long (p < 0.01) conditions. In the short condition, the TD child also 
showed significant temporal asymmetry (time to peak velocity, p = 0.036), indicating 
flexible interlimb decoupling under increased temporal constraints. In contrast, the 
6.5-year-old at-risk participant demonstrated a compensatory preference for RUL, 
producing higher velocities with the RUL. However, despite this velocity asymmetry, 
the child exhibited rigid temporal symmetry in both the long (p = 0.074) and short 
(p = 0.185) conditions, showing no functional differentiation in time to peak velocity. 
Thus, the observed asymmetry reflected an inefficient compensatory strategy rather than 
adaptive lateralization. Performance stability further differentiated the groups: the TD 
child completed 10 successful trials in 10 attempts, whereas the at-risk child required 12 
attempts in both conditions. Conclusion: Typically developing children demonstrated 
signs of progressive maturation of feedforward control, characterized by functional 
asymmetry and high performance stability. In contrast, at-risk children exhibited rigid 
temporal symmetry and reduced stability under constraints. Deficits in the at-risk 
child primarily reflect disrupted interlimb coordination and ineffective scaling of limb 
contributions, rather than a fundamental limitation in generating movement velocity.
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INCORPORATION OF COMBATIVE 
ACTIVITIES IN PHYSICAL EDUCATION 

CLASSES IN CZECH SCHOOLS

Adam Zdobinský, Jakub Sochor
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University, Prague, Czech Republic

Purpose: Combative activities are defined as those in which the goal is to overcome 
an opponent using one’s physical strength (4). This type of activity is recommended 
for inclusion in school physical education classes in the curricular documents of the 
Ministry of Education (2, 3). The positive effects of incorporating such activities are 
also emphasized by several authors (1, 4, 5). The present study aimed to identify factors 
influencing the incorporation of combative activities into PE lessons across primary and 
secondary schools in the Czech Republic. Methods: A link to an online purpose-built 
questionnaire, inspired by Reguli, Ďurech, and Vít (2007), was electronically distributed 
to the management of all primary and secondary schools in the Czech Republic. The 
questionnaire asked about the basic characteristics of the school, the environment in 
which physical education lessons take place, the basic characteristics of the teacher, 
the types of combative activities they include, and in which part of the lesson. School 
principals were asked to forward the questionnaire to active PE teachers. In total we 
received 605 completed responses. The data were analyzed using binomial logistic 
regression. Results: The model explained 11.6% of the observed variance. The results 
revealed that teachers trained in the didactics of combative activities were significantly 
more likely to incorporate combative activities in PE (B = −1.877, p < .001, OR = 0.15). 
Teachers without such training were 85% less likely to include combative activities in 
their lessons. Limited opportunities to adapt teaching spaces (e.g., absence of mats or 
tatami) showed a negative but non-discernible effect (B = −0.709, p = .075, OR = 0.49). 
Conclusion: These findings highlight the crucial role of professional training in the 
didactics of combative activities for effectively integrating them into a comprehensive 
physical education curriculum.

Keywords: Combat sports; Curriculum; Primary schools; Secondary schools; Teacher 
training.
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AMAZON MECHANICAL TURK IN SPORT SCIENCE 
RESEARCH: OPPORTUNITIES AND PITFALLS OF 
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Background: Amazon Mechanical Turk (MTurk) is increasingly used in sports science, 
exercise psychology, physical activity research, and sport management. Currently, there 
is no comprehensive overview describing how MTurk has been applied in these fields or 
which methodological aspects are reported. Mapping existing applications may clarify 
how MTurk has been used in sport-related research contexts. Methods: A targeted 
narrative review was conducted in the Web of Science (14 November 2025), yielding 
126 records. Studies were screened using a relevance-based extraction procedure 
grounded in the Weight of Evidence framework, and those meeting a predefined 70% 
relevance threshold were retained. Thirty-six studies met this criterion, of which six 
lacked accessible full texts; therefore, 30 studies were included in the final analysis. 
Data were extracted using a structured template and synthesised descriptively. Results: 
The included studies demonstrated that MTurk has been applied in four areas: physical 
activity and exercise psychology, digital data processing tasks, sport consumer and fan 
behaviour, and public perceptions of sport-related health risks. MTurk enabled rapid 
recruitment, the collection of large samples, and the delivery of surveys, experiments, 
and crowdsourced annotations. Reported procedures commonly involved prescreening, 
approval thresholds, attention checks, and compensation details. Several studies 
also noted data-quality risks, including sampling bias, inattention, and fraudulent 
responding. Conclusions: MTurk supports a wide range of sport-related research 
applications, from physical activity and exercise psychology to digital data processing, 
consumer behaviour, and public-health perceptions. At the same time, the extracted 
studies highlight recurring methodological risks—especially sampling bias, inattentive 
or fraudulent responding, and variability in annotation quality—that require careful 
management. Understanding these patterns can help researchers design more robust 
MTurk protocols and make more informed decisions about the platform’s suitability for 
future sports-science studies.
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Introduction: The increasing prevalence of connective tissue disorders such as Ehlers–
Danlos syndrome (EDS) is associated not only with organ dysfunction but also with 
altered immune dynamics and reduced tissue integrity. These effects are further 
aggravated by sedentary behavior and limited movement variability. The aim of this 
study was to identify differences between passive and active standing during routine 
postural examination and to highlight their potential implications for individualized 
recommendations supporting variability in sports training. Methods: This pilot study (n 
= 35; 31 women, 4 men) was conducted within the Wellbeing Program, which integrates 
the Trager® Approach as a form of neuromuscular training through mindful play with 
body weight and the gradual integration of new sensory inputs into daily activities. 
Participants underwent reactive posturography and pressure-plate analyses before 
and after an eight-month intervention including online ergonomics education, guided 
self-practice, and two practical workshops (indoor and outdoor). Results: The findings 
revealed measurable differences between passive and active standing, particularly in 
center-of-gravity (COG) dynamics, indicating improved stability and body awareness. 
In passive standing, the support area of the dominant foot averaged 92.2 cm² and the 
nondominant foot 92.7 cm². In active standing, these values increased to 98.3 cm² 
(dominant) and 97.0 cm² (nondominant). The sway area increased from 62.8 mm² in 
passive standing to 96.2 mm² in active standing. Spinal alignment also showed changes: 
lumbar lordosis decreased from 47° to 44.2°, while thoracic kyphosis increased from 
52.1° to 54.5°. After completion of the Wellbeing Program, the support area further 
increased (to 101.8 cm² and 101.1 cm²), while the sway area in active standing decreased 
to 32.2 mm². Both lumbar and thoracic regions exhibited straighter alignment (43.7° and 
52.3°). Conclusions: The results suggest that passive stance reflects the maximal range 
of motion permitted by tissue elasticity, functioning as a system of interlinked levers 
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derived from support points. In contrast, active standing reveals new qualitative aspects, 
particularly in the area of foot support, leading to a reorganization of movement segments. 
Changes in segmental alignment and integration appear to depend on neuromuscular 
adaptability, the duration of education, and the nervous system’s capacity to process 
new proprioceptive input, especially from the knee joints. These findings indicate that 
combining Trager-based movement principles with posturographic feedback represents 
a promising complementary approach to improving musculoskeletal coordination and 
compensating for one-sided physical load.

Keywords: reactive posturography, pedoscan, passive standing, active standing, Trager® 
Approach, center of gravity.
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Purpose: The study examines the paradoxical nature of gamification—the transfer 
of game mechanics into non-game practices intended to enhance engagement but 
often suppressing the very playfulness they claim to promote. Focusing on sport and 
physical activity, it explores whether gamification can genuinely sustain the cultural 
and existential qualities of play, or whether it transforms spontaneous experience into 
regulated performance. The conceptual framework draws on the classic theories of 
Johan Huizinga, Bernard Suits, and Roger Caillois, complemented by contemporary 
reflections on gamification and motivation. Methods: Using a philosophical and 
hermeneutic approach grounded in phenomenology and cultural theory, the paper 
interprets how the concepts of play and game operate in gamified systems. Comparative 
conceptual analysis and interpretive reflection are applied to examples from digital 
sport environments—such as Strava and Apple Fitness—that employ points, levels, 
and leaderboards to structure behaviour. These examples serve to illustrate how bodily 
and social experience is reshaped through quantification and technological mediation. 
Results: The analysis reveals a dual logic underlying gamification. Mechanically, it 
functions effectively: feedback loops and competition activate motivational and social 
mechanisms that encourage persistence. Existentially, however, these same mechanisms 
reorient activity from intrinsic enjoyment to extrinsic regulation. The desire to make 
sport “more gameful” results instead in the loss of play: the voluntary, creative, and 
communal dimension of experience. What emerges is a technically successful yet 
culturally diminished form of engagement—one that motivates through control rather 
than freedom, and measures activity while impoverishing meaning. Conclusion: The 
paradox of gamification lies in this tension between technical success and existential 
failure. Overcoming it requires a shift from external reward design toward intrinsically 
oriented, reflective, and participatory structures. Gamified systems should invite play 
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rather than prescribe behaviour, turning technological mediation into an aid for self-
understanding instead of an instrument of discipline. Restoring playfulness as the 
purpose—not the by-product—of gamification can reconcile motivation with meaning 
and recover the cultural and ethical depth of human movement.
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CONCUSSION AWARENESS 
GAPS AMONG ELITE KARATE 

COACHES

Matej Chudý, Dušana Augustovičová, Rafael Arriaza

Comenius University, Bratislava, Slovakia

The objective of this study was to examine concussion knowledge and attitudes among 
karate coaches coaching top-level karate athletes. All 243 coaches participating at the 
26th World Karate Championships for seniors (held in Budapest, Hungary, 2023) were 
invited to complete an online-based questionnaire. The 14-item questionnaire assessed 
information across 3 domains: (1) demographic information, (2) national federation 
concussion regulations and education program and (3) concussion knowledge and 
attitudes. The Chi-squared test was used to analyse differences by continental karate 
federation, coached discipline and presence of regulations and education programmes 
regarding concussions in national karate federations. A total of 91 coaches (37,4% 
response rate) from 41 countries, including 24 (26,4%) kata coaches, 44 (48,4%) kumite 
coaches and 23 (25,3%) coaches coaching both disciplines, participated in the study, 
with 45,1% stating that there is currently an education program regarding concussions 
in place in their national federation. No significant difference was observed in overall 
scores on concussion knowledge between coaches, who reported active education 
regarding concussions, and their counterparts with no access to education (X2 = 3,78, 
p  > 0,05). Significant differences in overall scores regarding concussion knowledge 
were observed between groups of coaches coaching different disciplines (71,7% for kata 
coaches, 68,2% for kumite coaches and 84,3% for coaches coaching both disciplines; 
X2 = 20,5, p < 0,001). The questionnaire revealed considerable gaps in concussion 
knowledge among coaches coaching top-level karate athletes, with only 56% of coaches 
correctly identifying symptoms of concussion, only 58,2% choosing correct concussion 
treatment, and 33% believing loss of consciousness was required for a concussion 
diagnosis. Misconceptions varied significantly across geographical regions, with coaches 
from Asia and Africa demonstrating the greatest need for targeted education. This study 
highlights significant knowledge gaps among top-level karate coaches, emphasising 
the need for tailored educational interventions to improve concussion recognition and 
management within the karate community.

Keywords: concussion, karate, coach, education.
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ASSESSING ADOLESCENT WELL-BEING IN CZECH 
SCHOOLS: A VALIDATION STUDY OF THE EPOCH 

SCALE

Ivana Harbichová1, Lawrence M. Scheier2, Martin Komarc1

1Faculty of Physical Education and Sport, Charles University, Prague, Czech Republic
2LARS Research Institute, Sun City, USA AZ

Introduction: Adolescent well-being is a multidimensional construct closely linked to 
overall quality of life, encompassing, social, and psychological functioning. The EPOCH 
Measure of Adolescent Well-Being was developed to assess five key dimensions – 
Engagement, Perseverance, Optimism, Connectedness, and Happiness – reflecting positive 
psychological functioning. This study aimed to examine the psychometric properties of 
the Czech adaptation of the EPOCH scale in a large sample of high school students, with 
a focus on its factorial structure, reliability, and construct validity. Method: Data were 
obtained from 2,967 Czech adolescents aged 15 to 19 as part of a nationwide school-based 
survey conducted across 13 secondary schools. We hypothesized that the Czech version 
would replicate the original five-factor model and demonstrate robust psychometric 
characteristics. Analyses included item-level descriptive statistics, test–retest reliability, 
Mokken scale analysis, confirmatory factor analysis (CFA), and tests of measurement 
invariance across gender and age groups. To assess construct and nomological validity, 
we examined correlations between EPOCH subscales and theoretically related constructs 
such as self-esteem, depressive symptoms, and satisfaction of basic psychological needs 
in physical education. Results: The CFA supported the original five-factor structure, 
with model fit indices indicating acceptable to excellent fit. Internal consistency was 
strong across all subscales, with McDonald’s omega coefficients ranging from .75 to .84. 
Measurement invariance testing confirmed configural, metric, and scalar invariance across 
gender and age, with partial support for strict invariance. EPOCH dimensions showed 
meaningful associations with external variables in expected directions, reinforcing the 
instrument’s theoretical grounding and nomological validity. CONCLUSION: Although 
the cross-sectional nature of the data limits conclusions about temporal stability and 
predictive utility, the findings provide compelling evidence that the Czech version of the 
EPOCH is a psychometrically sound instrument for assessing adolescent well-being. Its 
reliability, structural validity, and theoretical coherence make it a valuable tool for research 
and practice in educational and psychological settings.

This study was supported by project GA ČR 23-05873S.
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PARENTAL INVOLVEMENT, COACH-CREATED 
MOTIVATIONAL CLIMATE, AND SPORT ENGAGEMENT:

A PRELIMINARY STUDY AMONG ADOLESCENT 
FOOTBALL PLAYERS

Jana Novotná, Martin Komarc, Vendula Redlichová, Ivana Harbichová

Faculty of Physical Education and Sport, Charles University, Prague, Czech Republic 

The psychosocial environment created by parents and coaches plays an important role 
in shaping young athletes’ motivation and long-term engagement in sport. Previous 
research typically shows that supportive behaviors fostering autonomy and a task-
oriented approach contribute to intrinsic motivation and sustained engagement 
(Kadushina, 2011; Sevil-Serrano et al., 2021). In contrast, controlling and pressuring 
strategies are often linked to ego-oriented thinking, lower enjoyment, and reduced 
commitment (Back et al., 2022). Parental and coaching influences often overlap and 
interact, jointly affecting the fulfillment of young athletes’ basic psychological needs (Chu 
& Zhang, 2019). The aim of this preliminary study was to explore how parental behaviors 
(support and pressure) and coaching behaviors (empowering and disempowering) 
relate to football players’ achievement orientation (task/ego) and their engagement in 
sport. A total of 78 male football players (M = 15.7 years), competing at the national 
(73 %) and international level (27 %), completed standardized questionnaires assessing 
parental support and pressure (PISQ), empowering and disempowering coaching 
climate (CCEDMCQ), achievement orientation (POSQ), and athlete engagement 
(AEQ). Spearman correlations showed that engagement was positively related to 
both task orientation (ρ = .38, p < .001) and ego orientation (ρ = .34, p = .003), but 
not directly to parental or coach behaviors. Parental support (ρ = .29, p = .009) and 
parental pressure (ρ = .24, p = .036) were both positively related to ego orientation. The 
empowering coaching climate was positively associated with perceived parental support 
(ρ = .25, p = .028). In contrast, the disempowering coaching climate showed a trend-level 
negative association with athlete engagement (ρ = –.20, p = .078). Separate regression 
analyses including parental and coaching behaviors (support, pressure; empowering, 
disempowering) were significant overall (R² = .14, p = .027), but none of the predictors 
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reached significance individually. A model including achievement orientation (task, 
ego) was also significant (R² = .11, p = .011). A combined multivariate model including 
all predictors reached R² = .28 (p < .001). Within this model, the disempowering 
coaching behavior significantly predicted lower engagement (β = –.33, p = .030), while 
ego orientation showed a weak positive trend (β = .21, p = .065). Our preliminary results 
show that adolescent athletes’ engagement is connected to the way coaches behave and 
to their achievement orientation. Disempowering coaching behavior was linked to lower 
engagement. Interestingly, both task and ego orientations were positively associated 
with engagement, which may reflect the competitive nature of adolescent sport, where 
both self-improvement and comparison with others play a role. These results underline 
the importance of supportive and empowering environments in maintaining motivation 
and engagement in youth sport.

Keywords: parental involvement; coach-created motivational climate; achievement 
orientation; athlete engagement; youth sport; adolescent football.

This work was supported by GAUK project No. 10425.
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LONGITUDINAL TRANSITIONS IN PSYCHOLOGICAL 
NEED SATISFACTION PROFILES IN PHYSICAL 

EDUCATION

Ivana Harbichová1, Lawrence M. Scheier2, Martin Komarc1

1Charles University, Faculty of Physical Education and Sport, Prague, Czech Republic
2LARS Research Institute, Sun City, USA AZ

Introduction: Self-Determination Theory (SDT) posits that satisfaction of autonomy, 
competence, and relatedness needs is central to students’ motivation and well-being in 
physical education (PE). While prior research has identified distinct need satisfaction 
profiles using cross-sectional data, less is known about how these profiles evolve over 
time. This study employed a longitudinal, person-centered approach to examine 
transitions in psychological need satisfaction across two waves of data. Methods: Self-
report measures of basic psychological need satisfaction (BPNS) in PE were administered 
online to a random sample of Czech high school students. Data were collected over two 
consecutive years, with the second wave capturing approximately 50% of the original 
baseline, resulting in a final longitudinal sample of N = 1,067. Latent class analysis (LCA) 
identified four distinct profiles: Low Satisfaction, Competence Satisfaction, Relatedness 
Satisfaction, and High Satisfaction. These classes were then used in a Latent Transition 
Analysis (LTA) to model changes in profile membership over time. A three-step method 
was used to contrast well-being outcomes across the identified latent classes. Results: 
Latent Transition Analysis revealed varying degrees of profile stability across two waves. 
The Relatedness Satisfaction class demonstrated the lowest retention rate, with only 
47.1% of students remaining in the same profile over time. Notably, 26.3% transitioned to 
the Low Satisfaction class, suggesting a potential vulnerability in sustaining relatedness 
need fulfillment. Well-being outcomes varied significantly across classes, with the High 
Satisfaction group consistently reporting the most favorable scores. Conclusion: The 
observed transitions suggest that while many students maintain their motivational 
profiles, a substantial proportion experience shifts that may reflect changes in their 
PE environment or personal development. Notably, the lowest stability was observed 
in the Relatedness Satisfaction profile, indicating that relatedness may be particularly 
sensitive to contextual factors. These patterns suggest that sustained supporting all three 
psychological needs in tandem – rather than in isolation – may be critical for fostering 
resilient and enduring well-being in PE.

This study was supported by project GA ČR 23-05873S.
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ANALYZING THE RISK FACTORS OF STUDENT DROPOUT 
IN SPORT SCIENCE PROGRAMS: A LONGITUDINAL 

STUDY USING SURVIVAL ANALYSIS

Michal Bozděch, Jitka Čihounková, Zdenko Reguli

Department of Physical Education and Social Sciences, Faculty of Sports Studies, Masaryk 
University, Brno, Czech Republic

Background: Despite growing interest in student retention, little is known about the 
timing and predictors of dropout in sport and exercise science higher education. Prior 
research rarely considers time-to-event dynamics or domain-specific risk profiles. 
Identifying when and for whom dropout risk is greatest is essential to improve completion 
rates and equity. Objectives: This study examined dropout probability over time and 
identified demographic, educational, and academic factors associated with dropout 
risk among sport science students. Methods: A retrospective cohort design analyzed 
administrative data from 3,177 students admitted between 2013 and 2018 at the Faculty 
of Sports Studies, Masaryk University. Dropout was defined as non-completion or failure 
to graduate. Survival analysis techniques were applied: Kaplan–Meier estimates assessed 
survival probabilities, the Peto–Peto test compared groups, and Cox proportional 
hazards regression quantified covariate effects using hazard ratios (HRs) and 95% 
confidence intervals (CIs). Results: A total of 1,180 students (37.1%) did not complete 
their degree. Median time to dropout exceeded standard program length, at 116.5% in 
Bachelor’s and 175.5% in Master’s cohorts. GPA was the strongest predictor: students 
with lower performance (GPA 2.48–4.00) were up to 10.1 times more likely to drop out 
than high achievers (GPA 1.00–1.99). Female students had a 32% lower risk than males 
(HR = 0.68, CI = 0.59–0.77). Educational background mattered: graduates of technical 
secondary schools had 36% higher risk than grammar school graduates (HR = 1.36). 
Delayed transition to university (>4 years post–high school) increased dropout 
probability. Study characteristics were also influential. Part-time students were at higher 
risk than full-time peers—25.7% in BSc and 35.3% in MSc programmes. Field of study 
significantly shaped outcomes: Physiotherapy, Regeneration and Nutrition in Sport, 
and Special Education for Security Forces showed reduced risks compared with Sports 
Management, while MSc Applied Kinesiology carried a 62% higher risk (HR = 1.62). 
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In MSc programmes, later admission years (2015–2018) were linked to higher dropout 
risk compared with 2013 entrants. Conclusions: Time-to-event modelling highlighted 
GPA, study mode, field of specialization, and year of admission as key predictors of 
dropout in sport science higher education. These findings provide actionable insights 
for designing targeted interventions to support academically vulnerable subgroups and 
enhance student retention.

Keywords: Survival analysis, Failure to graduate, University, Higher education, 
Retrospective cohort study, Student attrition, Academic performance.
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FACTORS INFLUENCING SPECTATOR 
ATTENDANCE AT THE SLOVAK ATHLETICS 

CHAMPIONSHIPS

Monika Písečná

Faculty of Physical Education and Sport, Comenius University Bratislava, Slovakia

This study explores the factors influencing spectator attendance at the Slovak Athletics 
Championships. Despite free admission, the event continues to experience low public 
turnout. A quantitative survey among athletes, coaches, officials, family members, 
photographers and visitors revealed that every spectator has a direct personal or 
professional link to athletics, while independent spectators are absent. Comparative 
analysis using the Kruskal–Wallis H test showed no significant differences in satisfaction 
levels among respondent groups and 2 selected areas - organization of the championships 
and accompanying program of the championships, although minor practical differences 
were noted. Positive aspects included organization, transport, parking, date, and 
venue, whereas dissatisfaction with commentary, atmosphere, accompanying program, 
infrastructure, and catering reduced overall engagement. Weak marketing and limited 
public awareness were identified as the main barriers to wider attendance. The findings 
suggest that stronger promotional strategies and enhanced spectator experiences are 
crucial to attracting a broader audience and increasing the visibility of national athletics 
events in Slovakia. The research findings will be provided as feedback to the Slovak 
Athletics Federation to support evidence-based improvements in event management 
and fan engagement strategies.

Keywords: spectator attendance, athletics, sports management, event satisfaction.
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PERSISTENCE OF PRIMITIVE REFLEXES AND MOTOR 
COMPETENCE IN CHILDREN WITH AUTISM SPECTRUM 

DISORDER: AN EXPLORATORY STUDY

Tereza Možná1, Hana Válková2, Alena Skotáková1

1Department of Social Sciences and Sport Management, Faculty of Sports Studies, Masaryk 
University, Brno, Czech Republic

2Emilova vzdělávací, z.ú., Brno, Czech Republic 

Persistence of primitive (primary) reflexes in children with autism spectrum disorder 
(ASD) is considered a factor that may substantially influence motor competence, postural 
control, and the execution of school-related and everyday self-care activities. This study 
aimed to evaluate the relationship between the level of motor competence (MABC-2) 
and the persistence of selected primary reflexes (PR) in children with ASD. The sample 
consisted of 62 children with ASD aged 6–16 years. All participants were evaluated with 
standardized administration of the Movement Assessment Battery for Children – Second 
Edition (MABC-2) with following modification for children with ASD (Možná & Válková, 
2022) and assessment of primary reflexes according to Volemanová’s protocol, which 
includes postural tasks (feet-together stance with eyes open/closed, one-leg stance, heel-
to-toe walk), tests of goal-directed upper limb movements (finger–nose–finger with eyes 
open/closed) and evaluation of Moro reflex, tonic labyrinthine reflex (TLR), asymmetric 
tonic neck reflex (ATNR), symmetric tonic neck reflex (STNR), spinal Galant reflex, Landau 
reflex. Kinematics of selected tasks and qualitative field notes from direct observation 
were recorded. The results showed that higher persistence and greater severity of primary 
reflexes were associated with marked motor difficulties on the MABC-2, particularly in 
participants scoring below the 5th percentile, which fulfils the motor criterion within 
the diagnostic criteria for developmental coordination disorder (DCD, dyspraxia). The 
most pronounced deficits were observed in the aiming and catching (A&C) subtest and 
in balance (BAL) and postural stability (Volemanová). Our findings suggest that motor 
deficit (as measured by MABC-2) in children with ASD is not merely a matter of reduced 
motor performance but is closely linked to a profile of neuromotor immaturity. Persistence 
of primary reflexes (according to Volemanová’s protocol) manifests in specific qualitative 
disturbances of coordination and postural control, which may indicate disruption at 
the level of brainstem integration. These findings support the hypothesis that persistent 
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primary reflexes play a significant role in the etiology of motor difficulties in children with 
ASD, and provide further support for the inclusion of neuro-stimulatory exercises in both 
targeted intervention programs and activities aimed at developing functional motor skills 
in educational and clinical settings.
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SPECIAL OLYMPICS UNIFIED SPORTS AS THE POSSIBLE 
MODEL OF INCLUSION THROUGH LEISURE ACTIVITIES 

(SURVEY OF THE RESEARCH IN THE SPECIAL OLYMPICS 
CZECH REPUBLIC SINCE 2002–2025)

Hana Válková et al.

Special Olympics Czech Republic

Purpose: The presentation provides an overview of the results of published research 
projects or students thesis who dealt with unified sports within the national competitions 
of the SO-CR from 2002 to the present (2025). The aim is to compile these works, 
highlight the results and translate them into practice in a summary publication in the 
Czech language. Methods: Primary: Analysis of sports tournaments (5–7-a-side football, 
throw the ball over) based on the Flanagan´s Critical Incident Techniques (CIT) in field 
works, described in the part content here. Secondary: analysis of students´ final theses 
and projects. Content, results: A key publication (2020 Válková) described the CIT 
method and differences in indices of activity and cooperation of partners and athletes 
in the best and weakest teams. The result – different cooperation and activity of athletes 
and partners is related to the match “on the winning wave or on the wave of the sinking”. 
Unified sports development, principles, benefits are described in detail, and theory of 
“meaningful involvement” which proclaims advantage of balanced cooperation between 
athletes and partners in the team during the match. Technology of CIT observation 
and scaling in index of activity and index of cooperation among athletes and partners 
during the match are described properly. Special Olympics official Individual Football 
Skill Tests (IST) were used for relevance between skills level and attraction in match 
cooperation. Results of IST were not in direct relation with cooperation items. Athletes 
with disabilities preferred asking partners for cooperation. The cooperation is influenced 
by winning-loosing match development. Parák (2017) and Švecová (2017) continued 
by comparing CIT indices in situations of winning or losing periods in matches. They 
confirm increased activity of partners and reduced cooperation with athletes in winning 
situations. However, in matches when the team is already at the end of the tournament 
table, cooperation of partners increases. Axman (2021) compared the ICT parameters 
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of the Moravian Football League team and the SO team, with the result that in fit tests 
the SO team players are comparable to players in a regular club, but not in football 
skills tests. Individual skills do not predict team SO achievement. Klímek (2014) and 
Růžičková (2015) processed a throw-over-game. They verified a modified CIT scale for 
throw-over which is played by athletes with intensive limitation. Beyond the facts about 
cooperation and activity, they highlighted a result indicating the athletes’ enthusiasm and 
happiness. The latest published project from futsal at the SOI World Games in Berlin led 
by Možná modifies the CIT scale for futsal and realized one week observation (Možná, 
Kolorosová, Válková 2025). The cooperation and activity indices here are related to the 
tradition of SO futsal of foreign teams, and therefore their awareness of the meaning 
of the unified format. Conclusion: The Special Olympics (SO) Unified Sports model 
as a complex means for: a) skills improvement, partners´ support to strategy of ID, b) 
better cooperation between athletes and partners, inclusion in community, c) influence 
on inclusion and public awareness, d) the unified format should be expanded through 
Czech language.
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PRELIMINARY PSYCHOMETRIC ANALYSIS OF THE 
CZECH VERSION OF THE MOVEMENT IMAGERY 

QUESTIONNAIRE – REVISED SECOND VERSION (MIQ-RS)

Vendula Redlichová, Martin Komarc, Jana Novotná, Ivana Harbichová

Faculty of Physical Education and Sport, Charles University, Prague, Czech Republic 

Introduction: Imagery ability is a vital cognitive skill that influences motor performance, 
confidence and learning. The Movement Imagery Questionnaire – Revised Second 
Version (MIQ-RS; Hall & Martin, 1997) is one of the most frequently used instruments 
for assessing visual and kinaesthetic imagery ability. Although it has been validated in 
several languages, the Czech version has not yet undergone psychometric verification. 
This study aimed to examine its reliability and construct validity in a Czech athletic 
population. Methods: A total of 174 football players (aged 13–32; both genders) 
completed the Czech MIQ-RS. Descriptive statistics, reliability indices, inter-item 
correlations and confirmatory factor analysis (CFA) were conducted using Jamovi. 
Results: Both subscales demonstrated high mean scores (M = 5.3–6.0) and good 
variability without ceiling effects. Internal consistency was excellent. CFA confirmed 
the expected two-factor model (visual × kinaesthetic) with satisfactory fit indices: 
χ²(76)  =  140, p  <  .001; CFI  =  .935; TLI = .922; RMSEA = .069 [90% CI: .051–.087]; 
SRMR = .052. All standardised factor loadings were strong (.63–.96, p <.001) and the 
correlation between factors was r =.72. Conclusion: The Czech MIQ-RS demonstrates 
excellent psychometric properties, confirming its two-factor structure, high internal 
consistency and theoretical validity. It is a reliable and culturally appropriate instrument 
for assessing movement imagery ability among Czech athletes in both research and 
applied sport psychology contexts. This work was supported by GAUK project No. 
80424.

Keywords: movement imagery, MIQ-RS, reliability, validity, football, sport psychology.

This work was supported by GAUK project No. 80424.
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COMPARISON OF STUDENT PERFORMANCE AT THE 
UNIVERSITY OF DEFENCE IN THREE ENDURANCE 

TESTS

Petr Kellner1,2, Zdeňka Kellnerová1,2, Jiří Zháněl1 

1Faculty of Sports Studies, Masaryk University, Brno, Czech Republic
2University of Defence, Brno, Czech Republic

Aerobic fitness is a fundamental component of military readiness, supporting sustained 
performance, recovery, and long-term health. Reliable assessment of aerobic endurance 
is therefore essential in training and evaluating military students. This study compared 
outcomes from three endurance tests administered to University of Defence students: 
the 12-minute Cooper running test (12CT), a 12-minute rowing ergometer test (12RT), 
and a 6-minute rowing ergometer test (6RT). The aim was to examine performance 
differences across test modalities and between sexes, with attention to whether rowing 
can serve as a substitute for running in aerobic evaluation. A total of 539 students (466 
men, 73 women), all healthy and physically active, participated. While running was 
regularly included in their training, rowing ergometry was not; however, all participants 
had prior exposure to rowing tests. Anthropometric data were collected using an 
InBody 970 analyzer. Each participant completed all three tests in randomized order 
over two weeks, following standardized warm-ups and procedures. Distances covered 
were recorded, and data analyzed using descriptive statistics, Mann–Whitney U tests, 
and effect size calculations. Results showed that men outperformed women in all tests 
in mean, minimum, and maximum performance, with large and statistically significant 
differences (effect sizes 0.57–0.76; CLES 93–98%). Men were also taller, heavier, and had 
higher BMI, reflecting expected physiological differences. Comparisons of modalities 
indicated that although mean distances in 12CT and 12RT were similar, correlations 
were modest (r = 0.35 for men, r = 0.33 for women), suggesting that running and rowing 
capture different aspects of endurance or are influenced by modality-specific adaptation. 
These findings imply that rowing ergometer tests, while informative, cannot directly 
replace running in aerobic evaluation. In conclusion, the study highlights two key points: 
first, consistent sex-based performance differences support sex-specific standards in 
military fitness testing; second, both Cooper run and rowing tests provide meaningful 
insights into endurance, but should not be interpreted interchangeably. Overall, careful 
selection and contextualization of fitness tests is essential to ensure fair, valid, and 
operationally relevant assessment of aerobic readiness in military populations.
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IMPACT OF STRUCTURED PHYSICAL ACTIVITY AND 
SUBSEQUENT DETRAINING ON OSTEOPENIA AND 
OSTEOPOROSIS IN POSTMENOPAUSAL WOMEN

Tatiana Gombarčíková

Department of Physical Activities and Health Sciences, Faculty of Sports Studies, Masaryk 
University, Brno, Czech Republic

Osteoporosis represents a significant health concern in postmenopausal women, as 
hormonal changes after menopause accelerate bone loss and increase the likelihood 
of fractures. Regular physical activity is considered an essential non-pharmacological 
approach for slowing this decline, with research showing that resistance training, 
aerobic exercise, and high-intensity interval training can improve or help maintain 
bone mineral density (BMD), particularly in the lumbar spine and proximal femur. The 
interruption of structured exercise, however, has clear negative consequences for bone 
health. Detraining reduces the mechanical and metabolic stimuli needed to preserve 
bone tissue, which leads to a gradual loss of previously achieved improvements. These 
changes may appear within a relatively short period and tend to be most evident in skeletal 
sites rich in trabecular bone. This highlights the importance of maintaining long-term 
physical activity as a key strategy in preventing osteoporosis-related complications. A 
combined training approach that includes resistance exercise, dynamic aerobic activity 
and movements that enhance mechanical loading appears to be a suitable intervention 
for supporting BMD in this population. Incorporating long-term planning of physical 
activity and minimizing periods of inactivity may further help sustain exercise-related 
adaptations, as continuity of training plays a crucial role in maintaining bone health 
over time.
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MULTIMODAL INTERVENTIONS FOR 
GAIT REHABILITATION IN MULTIPLE 

SCLEROSIS

Martina Jemelková, Noemi Knapová, Marta Gimunová
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Czech Republic

Introduction: Multiple sclerosis is a neurological demyelinating disease that often leads to 
gait disorders, which substantially reduce patients functional independence and quality 
of life. Rehabilitation is recognized as essential for improving both motor and cognitive 
functions, reducing disease burden, and enhancing daily functioning of patients. 
Traditional approaches typically target motor and cognitive skills separately which may be 
time-consuming and less effective. Recent research indicates that combined multimodal 
training can improve gait and cognitive outcomes simultaneously, potentially due to 
cognitive motor coupling and cross-modality transfer effects. However, the relative 
effectiveness of different multimodal concepts and their superiority over conventional 
rehabilitation remain unclear. Purpose: The aim of our systematic review in progress is 
to evaluate the effects of multimodal rehabilitation approaches (e.g. task-oriented circuit 
training, CoDuSe, dual task training, multimodal agility based training or cognitive-
motor training) on gait in individuals with multiple sclerosis. Methods: This systematic 
review is conducted following the PRISMA 2020 guidelines. The study protocol was 
registered with PROSPERO (CRD420250650030). Databases Web of Science, PubMed, 
EMBASE and CINAHL were searched for relevant studies. Preliminary results: A total 
of 1,124 studies were identified, of which 18 met the inclusion criteria. Overall, the 
findings suggest that multimodal rehabilitation interventions positively affect various 
gait parameters. However, between-groups comparisons are less consistent and appear 
to depend on the type and intensity of control group interventions. Very promising 
results were reported by Jonsdottir et al. (2018) and Mahmoud et al. (2024) where the 
experimental groups achieved statistically significant improvements even when the 
control groups received conventional motor interventions. Conclusion: Preliminary 
evidence supports the positive effects of multimodal rehabilitation on gait in patients 
with multiple sclerosis. Nevertheless, their superiority over conventional approaches 
remains uncertain. Considerable variability in intervention designs and participant 
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characteristics across the included studies highlights the need to identify the most 
effective multimodal protocols, develop a unified methodology, test it rigorously, 
compare it with standard rehabilitation, and evaluate its potential application in clinical 
practice. Multimodal approaches may offer a promising complement to standard 
rehabilitation, especially for patients with motor-cognitive deficits.

Keywords: multiple sclerosis, gait, gait disorders, rehabilitation, cognitive-motor 
training, multimodal exercise, dual-task training, task-oriented circuit training, 
CoDuSe program.
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COMPARING HORIZONTAL FORCE-VELOCITY PROFILE 
PARAMETERS BETWEEN RADAR SYSTEM AND 

MOTORISED RESISTED DEVICE IN SOCCER PLAYERS

Adam Lipčák1, Tomáš Kalina1, Ana Carolina Paludo2, Kryštof Cacek1, Jan Šťastný3

1Faculty of Sports Studies, Masaryk University, Brno, Czech Republic
2Department of Psychology, University of Cyprus, Nicosia, Cyprus

3Education and Research Department, University of Technology, Brno, Czech Republic

Background: Horizontal Force-Velocity profiling (H-FVP) is increasingly used in high-
performance sport, specially in soccer, for individualized speed-strength diagnostics 
(Samozino et al., 2021). Among available technologies, the 1080 Sprint, a motorised 
resisted device, is considered a gold-standard field device to measure H-FVP, while 
the radar system remains more accessible and widely used. However, it is unclear 
whether radar derived FVP parameters (F0, V0, Pmax) provide comparable values 
to those from the 1080 Sprint when measured simultaneously. Methods: Twenty-
one professional soccer players male completed two maximal sprint over 40 m using 
the 1080 Sprint in resisted mode (3 kg load). During each sprint, velocity-time data 
were simultaneously recorded using the Stalker ATS II radar positioned 5 m behind 
the athlete. From both devices, horizontal F0, V0 and Pmax were computed using the 
Samozino-Morin method. Agreement between devices was assessed using Pearson 
correlation coefficients, paired t-tests, mean differences (MD), and Bland-Altman limits 
of agreement (LoA). Statistics differences was considered p < 0.05. Results: Correlation 
coefficients between 1080 Sprint and Stalker radar outputs were classified as small across 
all variables (F0: r = 0.28; V0: r = 0.29; Pmax: r = 0.32). Paired t-tests showed significant 
systematic differences between devices, showing the radar consistently underestimated 
F0 (MD = 0.29 N·kg⁻¹, p = 0.012), V0 (MD = -1.20 m·sTimes New Roman¹, p < 0.001) 
and Pmax (MD = -1.64 W·kgTimes New Roman¹, p < 0.001). Bland–Altman analysis 
revealed wide limits of agreement, particularly for V0 (LoA ≈ +0.15 to +2.25 m·sTimes 
New Roman¹) and Pmax (LoA ≈ −1.05 to +4.33 W·kgTimes New Roman¹), indicating 
substantial random error between devices at the individual level. Conclusion: The Stalker 
ATS II radar does not provide equivalent H-FVP outputs (F0, V0, Pmax) compared with 
the 1080 Sprint when used simultaneously during the same sprint trials. The magnitude 
of systematic bias and the wide limits of agreement suggest poor interchangeability 
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between the two systems. Practitioners should therefore avoid mixing devices for athlete 
monitoring and should establish device specific reference values. When precise and 
consistent H-FVP assessment is required either for training prescription or research the 
1080 Sprint remains the preferred option.

Keywords: soccer, sprint, force-velocity profile, FVP, monitoring.
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THE RELATIONSHIP BETWEEN THE QUALITY OF 
GAME SKILLS AND TEAM SUCCESS IN A SET IN ELITE 

WOMEN’S VOLLEYBALL

Peter Adamec
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The aim of the study was to analyze the differences in qualitative indicators of game 
performance in volleyball between two performance groups of teams. The research group 
consisted of teams that placed 1st to 5th and 20th to 24th (Group B) (Group B) at the 2023 
Women’s European Volleyball Championships. Both groups were analyzed based on the 
distribution of five qualitative levels of evaluation in relation to the success of the team 
in the set. Two game skills were evaluated – reception and dig. For each group, 5×2 pivot 
tables were created and the relationships were analyzed using the chi-square test and effect 
size (Cramér V). A log-linear model was used to comprehensively assess the relationships 
between performance level, quality and result. The results showed that statistically 
significant differences between the power categories occurred only for reception in group 
B (χ² = 44.16; p < 0.001; V = 0.17). The other three tables (Group A reception and defense of 
both groups) did not show significant relationships (V = 0.07–0.09). The log-linear model 
confirmed that the performance level significantly affects the distribution of success in 
individual qualitative categories in reception (p < 0.001), while no statistically significant 
differences between groups were found in defense (p > 0.05). The findings point out that 
the reception of the serve represents the game activity that most significantly distinguishes 
the better and worse performance level of players, while in defense the differences between 
groups are not reflected in the structural distribution of qualitative categories. The results 
can serve as a basis for training planning with a focus on the development of key technical 
elements affecting success in match practice.

Keywords: volleyball, qualitative characteristic, reception, dig.
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PEDAGOGICAL PREDICTORS OF ATHLETE 
SATISFACTION: THE ROLE OF COACH-REPORTED 
INSTRUCTIONAL STYLES IN YOUTH BASKETBALL

Ana Žnidarec Čučković, Marko Grbavac

Faculty of Kinesiology, University of Zagreb, Croatia

Objective: This study examined the relationship between self-reported coaching styles 
and the levels of satisfaction among male and female youth basketball players in the 
Primorje-Gorski Kotar County. A secondary objective was to explore whether coach-
reported style preferences were primarily influenced by formal education/professional 
development or by personal, experiential factors. Theoretical Framework: The study 
employed Mosston’s Spectrum of Teaching Styles to categorize and understand coach-
reported instructional approaches. Athlete satisfaction was evaluated based on the Coach 
Leadership component. Methods: Data were collected from both coaches and athletes. 
Coaches completed the “Coach’s Self-Assessment of Coaching Style” questionnaire and 
participated in structured interviews to ascertain the origins of their preferred style 
(education vs. experience). Athletes provided data using the “Athlete Satisfaction with 
Coach Leadership” questionnaire. Quantitative analysis included scoring coaching styles 
numerically to establish a rank-order based on athlete satisfaction levels. Frequency 
analysis was used to identify the prevalence of specific styles and the distribution 
of athletes exposed to each. Results: The study yielded a quantified hierarchy of 
coaching styles, indicating which instructional approaches correlated with higher 
athlete satisfaction scores. The analysis also revealed the dominant sources (formal or 
experiential) influencing style adoption among coaches in the region.
Conclusion: The findings provide empirical evidence on the pedagogical strategies 
most effective for enhancing athlete satisfaction in youth basketball, offering practical 
implications for coach education programs aimed at improving the quality of the athletic 
experience.

Keywords: coaching styles, athlete satisfaction, Mosston’s spectrum, instructional 
pedagogy, youth basketball.
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PLAYERS

Martina Bernaciková, Markéta Hůlková
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This study focuses on the importance of education in the areas of recovery and nutrition 
within the coach–player–parent triad, which represents a key factor in supporting 
health, performance, and long-term athletic development in young tennis players. The 
quality of communication and educational engagement among these three stakeholders 
significantly influences whether the principles of proper recovery, nutrition, and overload 
prevention become an integral part of the athlete’s training and lifestyle habits. The aim 
of the research was to evaluate tennis coaches’ knowledge of recovery and nutrition 
principles, their approach to educating players and parents, and to identify major barriers 
to effective communication within this triad. The study employed a questionnaire survey 
among active tennis coaches in the Czech Republic (n = 48; 27 men, mean age 35 years; 
21 women, mean age 25 years). The analysis assessed coaching experience (men: mean 
15 years; women: mean 5 years), qualification level (most frequently 2nd-class coaching 
licence), and self-perceived knowledge in the studied areas. The results showed that 
most coaches consider recovery and nutrition as essential factors influencing both 
performance and overload prevention; however, systematic education of players and 
their parents is not a regular component of the training process. The most frequently 
reported barriers included time constraints, low player motivation, and limited parental 
engagement in topics related to recovery and healthy lifestyle habits. Coaches most often 
recommended active recovery, compensatory exercise, and sufficient sleep, whereas 
uncertainty was observed in their understanding of micronutrients, supplementation, 
and meal timing in relation to training. More than two-thirds of respondents expressed 
interest in further professional education through specialized seminars, webinars, 
or online courses focused on recovery, nutrition, and communication with parents 
of young athletes. Based on the findings, a conceptual educational framework for 
tennis coaches was proposed, integrating all three key stakeholders—coach, player, 



86 87

and parent—and emphasizing open communication, interdisciplinary cooperation, 
and shared responsibility for the athlete’s health and development. The conclusions 
highlight the need for systematic education and long-term support for coaches in 
modern approaches to recovery and nutrition as a cornerstone of preventing overload, 
pathological conditions (Non-functional overreaching, Overtraining Syndrome), and 
Relative Energy Deficiency in Sport (REDs) among youth athletes.

Keywords: education, tennis, coach, parent, recovery, nutrition, prevention.
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Daniela Benešová, Barbora Červenková
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The aim of this study was to examine the impact of teacher communication and 
motivation through repeated demonstration on the quality of movement execution 
during instruction of basic volleyball skills among students aged 13–17 at Gymnázium 
Žatec. The study was designed as an experiment with three experimental groups using 
a pretest–posttest approach. The research sample included 70 students (n = 70; 13 boys, 
57 girls) aged 13–17 years. Only students without extracurricular volleyball experience 
were included. The instructional task consisted of practicing the overhead pass and 
forearm pass within a single lesson under three different instructional conditions. 
These differed in teacher communication style, learning environment, and applied 
motivational strategy:

•	 Group 1: Lesson accompanied by background music (125 bpm) with only occasional 
general feedback.

•	 Group 2: Individual error correction combined with repeated demonstrations and 
positively toned teacher communication.

•	 Group 3: Negatively toned teacher communication without encouragement or 
praise.

No significant differences were found among groups in the pretest for movement 
execution. In the posttest, however, the Kruskal–Wallis test revealed significant 
differences among groups for both the overhead pass (H = 22.87; p < 0.001; Times 
New Roman² = 0.33) and the forearm pass (H = 29.63; p < 0.001; ɳ² = 0.42). Post hoc 
analysis showed significantly lower execution quality in the group exposed to negative 
teacher communication. No significant differences were found between the groups that 
practiced with background music or received positive instructional feedback. These 
findings indicate that teacher communication style, the use of motivational strategies 
such as repeated demonstration, and the overall instructional atmosphere play a crucial 
role in students’ motor learning processes and performance outcomes.
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FREQUENCY OF 
INJURIES IN RHYTHMIC 
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Purpose: Rhythmic gymnastics is an aesthetic sport that requires a high level of 
proprioceptive control with extreme impact on the extremities. Given that the training 
of rhythmic gymnasts begins in childhood, the immature musculoskeletal system, 
along with the reduced amount of body fat, makes rhythmic gymnastics a sport that 
results in a unique spectrum of injuries. Therefore, the aim of this study was to analyze 
the prevalence and type of injuries in rhythmic gymnastics. Methods: The sample 
of participants consisted of 53 rhythmic gymnasts aged 7–24 years. The participants 
completed a questionnaire consisting of 7 general (gender, height, weight, years of 
training, frequency of training, number of hours of training per day and competition 
category) and 14 injury-specific questions (number of injuries, location of injury, 
apparatus on which the injury occured, anatomical location, type and cause of injury, 
rehabilitation method, when the injury occurred, length of recovery, training with 
pain and hiding pain from the coach). Statistica 14.0.0 (Statsoft, Inc., Tulsa, OK, USA) 
was used for data processing and calculation of descriptive statistics, while relative 
frequency expressed as a percentage was calculated for the occurrence, type of injuries 
and duration of rehabilitation. Results: The highest percentage of participants were 
cadets (35.85%), while the lowest percentage of those surveyed were younger cadets and 
seniors (13.21%). The average height was 150.89 ± 12.17 cm, weight 40.09 ± 9.58 kg, 
years of training 4.43 ± 0.84, with a training frequency of 3.96 ± 0.90 training sessions 
per week, or 3.59 ± 0.89 hours per week and a number of injuries of 0.96 ± 1.32 per 
participant. Furthermore, 52.8% of the surveyed rhythmic gymnasts reported an injury 
during their competitive career. The highest number of injuries occurred during the 
performance of elements without apparatus (41.51%). The most commonly affected 
were the foot (32.1%), knee (18.9%) and groin (9.4%), while the most common injuries 
were ligament sprains (20.8%) and muscle strains (13.2%). Some of the possible reasons 
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for the injuries were personal carelessness (28.3%), poor technical performance (16.9%) 
and inadequate warm-up (13.2%) with excessive fatigue (11.3%). As a type of recovery, 
33.9% of the rhythmic gymnasts reported rest and the use of cooling creams (33.9 %), 
followed by physical therapy (18.9%) and immobilization (13.2%). Most of the rhythmic 
gymnasts returned to normal training process after a month (26.4%), or a week (22.6%), 
while 58.4% of the participants stated that they continued training despite the pain and 
60.3% of them hid the pain from their coach. Conclusion: Rhythmic gymnastics is an 
extremely complex sport which is prone to the occurrence of specific injuries. Given 
that training begins at an early age, special attention should be paid to the intensity and 
extent of training, as well as the correct execution of elements, so that the locomotor 
and musculoskeletal systems develop harmoniously. In addition to detecting injuries 
and painful conditions, it is necessary to work on communication between athletes and 
coaches, so that athletes do not hide pain and continue training at normal intensity, 
despite the painful condition and the possibility of a more serious injury. 

Keywords: aesthetic sport, injury occurrence, painful conditions. 
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4Faculty of Kinesiology, Doctoral studies, University of Zagreb, Croatia 

5 Physiotherapy Department, University of Applied Health Sciences, Croatia

Introduction: Musculoskeletal injuries remain a significant barrier to sustained 
participation and performance in team sports. Football and handball players are exposed 
to repeated high-intensity actions and frequent contact, which increases the likelihood 
of lower-limb injuries and prolonged absence from training or competition. Building on 
the epidemiological findings of Gosić, Vlahović and Lončarić Kelečić (2025), this study 
applied a more explicit analytical approach to explore how seasonal and organisational 
factors affect injury recurrence and cumulative burden among male team-sport athletes. 
Aim: To examine the association of season phase (competitive vs. preparatory) and 
organisational support (presence of a club physiotherapist) with injury recurrence and 
total time-loss in Croatian football and handball players. Methods: A secondary analysis 
was conducted using data from Gosić and colleagues (2025), originally collected via 
an anonymous questionnaire administered to 203 national-level athletes (114 football 
and 89 handball players). Variables included age, sport type, training characteristics, 
season phase, physiotherapist availability, injury occurrence, re-injury, mechanism, 
and absence duration. Injury was defined as any musculoskeletal complaint resulting 
in at least 1 day of restricted participation. Descriptive statistics, Pearson’s χ² tests, and 
corresponding risk (RR) and odds ratios (OR) were calculated at a significance level 
of p < 0.05. Cumulative burden was estimated from lifetime injury prevalence and 
average absence duration. Ethical approval and written consent for secondary data 
use were obtained from the original authors. Results: Injuries were significantly more 
frequent during the competitive phase (58.9%) than during the preparatory phase 
(41.1%), χ²(1)=10.68, p = 0.001, V = 0.244. Athletes were about twice as likely to sustain 
an injury in competition compared with preparation (OR ≈ 2.05; RR = 1.43). Contact 
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injuries were slightly more common (54.7%) than non-contact (45.3%), though not 
significant (p = 0.093). Players in clubs with a physiotherapist reported fewer re-injuries 
(43.9%) than those without such support (60.0%), reflecting a 27 % lower relative risk 
(RR = 0.73; OR = 0.52, 95 % CI [0.25–1.07]). Each athlete lost an estimated 7–11 weeks 
of participation per season, roughly 15–20 % of total training time. The difference 
between the mean (12.3 weeks) and median (8.7 weeks) absence durations indicated 
that a smaller subgroup experienced extended absences, likely related to recurrent or 
severe injuries. Conclusion: This analysis confirms that most injuries occur during the 
competitive phase and that regular physiotherapy presence may reduce recurrence and 
cumulative time-loss. The overall burden, amounting to up to one-fifth of the annual 
training period, underscores the substantial impact of musculoskeletal injuries even in 
semi-professional sport. The findings extend those of Gosić et al. (2025) by quantifying 
the seasonal increase in risk and indicating a potential protective role of continuous 
physiotherapy involvement. Routine injury surveillance, structured workload 
management, and year-round physiotherapy-led preventive programs are recommended 
to support athlete health and maintain team performance.

Keywords: culoskeletal injuries; injury recurrence; physiotherapy; team sports; injury 
burden.
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Dog ownership can contribute to higher levels of physical activity. The aim of this study 
was to assess the impact of dog sports participation on dog-owner relationship, physical 
activity, and quality of life in female dog owners. An online survey via Google forms for 
female dog owners was performer from August to December 2024. A total of 138 women 
participated in the study. From these, 66 women had regular trainings and competitions 
in dog sports (Dog sports group), 72 women reported no trainings or competitions 
with their dog (Dog pet group). Inclusion criteria consisted of the age 18 years or over, 
female gender, owning a dog, and ability to complete the entire survey. Additionally, for 
the dog sports group the inclusion criteria consisted of regular trainings ≥ 60 minutes 
per week. Following sections were included in the survey: demographics, Monash Dog 
Owner Relationship Scale (MDORS), The World Health Organization Quality of Life 
– Bref (WHOQOL-BREF) and International Physical Activity Questionnaire – Short 
Form (IPAQ-SF). Differences in demographical data, owner-dog relationship, physical 
activity, and quality of life between dog sports and dog pet groups were analysed using 
Mann-Whitney U test. The level of significance was set at p < 0.05. The statistical analysis 
was performer using using JASP (version 0.19.3). Most of the participants from the dog 
sports group reported training in agility (n=49; 74.24%), obedience (n=45; 68.18%), 
canicross (n=40; 60.61%), and heelwork to music/dancing with dog (n=12; 18.18%). 
In our dog sport sample, 45.45% of participants (n=30) reported trainings in one dog 
sport discipline, 54.55% of participants (n=36) combine two to five disciplines. The 
mean time spend dog training in dog sport group ranged between 60 to 360 minutes per 
week (140.00 ± 71.23). The results show that dog sport group performed significantly 
higher amount of moderate physical activity (p=0.008). The participation in dog sports 
affect the amount of moderate physical activity, however; dog sport participation was 
not observed to affect the perceived dog-owner relationship or quality of life in women. 
The results of this study highlight the potential of dog sports to increase the moderate 
activity levels in female dog owners. The main limitation of this study was using a survey 
data. Direct monitoring of physical activity would provide a more detailed insight into 
the activity levels in dog owners when training or competing in dog sports.
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Relative Energy Deficiency in Sport (REDs) occurs when athletes do not have enough 
energy to cover both training demands and normal body functions. This imbalance 
can disturb hormones, bone health, immunity, recovery, and sport performance. The 
aim of this study was to screen REDs risk in athletes from selected sports, to describe 
the distribution of risk between women and men, to identify the main risk domains, 
and to outline directions for prevention in practice. A cross-sectional screening was 
carried out using the REDs Screening Tool (RST) recommended by the International 
Olympic Committee. The REDs Screening Tool covers seven domains: psychological 
effects, training load, nutritional habits, bone health, injuries, physiological effects, and 
menstrual function. A total of 126 athletes (94 women, 32 men) from rugby, floorball, 
football, dance, running, CrossFit and synchronized ice skating participated in the 
study. Overall, 80.2% of athletes were classified as being at medium REDs risk. Medium 
risk was found in 77% of women (n = 72) and 91% of men (n = 29), although the men’s 
sample was smaller. The psychological domain was the largest contributor to the total 
REDs risk score (34%), suggesting that thoughts, emotions and stress are strongly linked 
to REDs in this group. No meaningful association was observed between REDs risk 
and training volume (r = 0.13). The findings point to a high prevalence of REDs risk 
in athletes and underline the need for early screening, continuous monitoring and 
targeted education for both athletes and coaches. In the next phase, selected athletes 
with medium or higher risk will undergo psychological assessment, biochemical blood 
testing, bone density measurement by DEXA and detailed nutritional analysis. The 
results will help to evaluate the usefulness of the RST as an early-warning tool and to 
design a multidisciplinary prevention programme combining psychological support, 
coaching strategies and nutrition therapy.

Keywords: Relative Energy Deficiency in Sport; REDs; athletes; screening; 
psychological factors; training load; nutrition.
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In alpine skiing, symmetry of movement between the left and right turns is essential for 
maintaining balance, efficient technique, and preventing unilateral overload. Asymmetry 
between left and right turns has been identified as a critical factor influencing efficiency, 
control, and injury risk, especially among recreational skiers who often display a dominant 
leg bias. The present study aimed to quantify asymmetry in kinematic parameters of lower 
limbs during the fall-line phase of left and right turns in recreational skiers. Eleven right-leg 
dominant recreational skiers performed controlled parallel turns on a moderate slope while 
three-dimensional motion capture was used to measure the knee flexion, hip flexion, and 
hip abduction angles for both the outside and inside leg. Data corresponding to the moment 
when skis were parallel to the fall line were analyzed using Hotelling’s T² multivariate test 
and univariate ANOVA for each parameter. The multivariate analysis revealed a significant 
effect of turn direction on the combined set of kinematic variables (p < 0.001), indicating a 
strong overall asymmetry between left and right turns. Univariate results showed significant 
differences in knee flexion (p = 0.002), hip flexion (p = 0.025), and hip abduction (p = 0.006) 
of the outside leg. No significant differences were observed in the inside leg parameters 
(p  > 0.05). Recreational skiers with a dominant right leg demonstrated greater knee and 
hip flexion, as well as higher hip abduction, in the left turn where the dominant leg acted as 
the outside leg. These results suggest that turn asymmetry in recreational skiers primarily 
originates from the outside leg mechanics and reflects neuromuscular dominance patterns 
rather than technical imbalance alone. From a practical perspective, it is important that 
turns remain as similar as possible, as repeated asymmetrical loading of one side can cause 
faster fatigue and may increase the risk of overuse injuries. The findings support the need 
for training interventions aimed at reducing asymmetry through targeted balance and 
lower-limb strength exercises. This study contributes to a better understanding of functional 
asymmetries in alpine skiing and provides a biomechanical basis for improving performance 
and reducing injury risk in the recreational population.

Keywords: kinematic analysis, skiing technique, injury prevention, recreational skiers, 
parallel ski turn
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Self-Determination Theory (SDT; Deci & Ryan, 1985; Ryan & Deci, 2000) offers a 
comprehensive framework for understanding motivation in sport by distinguishing 
between autonomous and controlled forms of behavioral regulation. Within this 
framework, the Sport Motivation Scale-6 (SMS-6; Mallett et al., 2007) represents one of 
the most widely used instruments for assessing athletes’ motivation, yet it has not been 
psychometrically validated in the Czech context. The present study aimed to examine the 
factorial validity, reliability, and measurement invariance of a Czech adaptation of the SMS-
6 among performance-level athletes and to provide evidence of its construct validity within 
the SDT framework. Data were collected from 303 athletes (134 men, 169 women) aged 
18–30 years (M = 22.38, SD = 4.09) representing a various sport disciplines, predominantly 
individual sports (72.6%). Confirmatory factor analysis (CFA) was conducted to test the 
theorized six-factor structure encompassing intrinsic motivation, integrated regulation, 
identified regulation, introjected regulation, external regulation, and amotivation. Model 
fit was evaluated using standard fit indices, and internal consistency was assessed through 
Cronbach’s α and McDonald’s ω. Measurement invariance across gender and sport type 
(individual vs. team) was examined using a series of multi-group CFAs. CFA supported 
the six-factor model after excluding one low-loading item from Identified Regulation 
(IDT_3; λ = .23). The final model demonstrated acceptable fit to the data, χ²(215) = 335, 
p < .001, RMSEA = .043, SRMR = .051, CFI = .924, and TLI = .911. Factor loadings were 
moderate to high, and inter-factor correlations followed the simplex pattern predicted 
by SDT, with autonomous forms of motivation positively interrelated and amotivation 
negatively associated with all self-determined forms. Internal consistency coefficients were 
satisfactory for most subscales (α = .63–.84; ω = .65–.85). Measurement invariance was 
supported across gender and sport type, indicating that the scale functions equivalently 
across these groups. Overall, the Czech adaptation of the SMS-6 demonstrated good 
factorial validity, acceptable reliability, and satisfactory cross-group equivalence, offering a 
reliable measure of multidimensional motivation in sport that supports both research and 
applied practice.

This study was supported by GAUK no. 80424 and GAUK no. 165023.
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In primary school all the teachers, parents and the whole community have the 
opportunity to meet a child whose behaviour deviates from what is acceptable. 
The most common types of unacceptable behaviour of primary school children are 
inappropriate verbal communication, aggressiveness, attitude towards authorities and 
negligence towards their school obligations. The aim of this research was to determine 
existence of differences in manifestations of unacceptable behaviour of primary school 
children with regard to their engagement in additional sport activity. The research 
was conducted on a sample of 199 fourth grade pupils attending elementary school 
from Zadar County, Croatia. The total sample of respondents was divided into two 
subsamples with regard to the criterion of their individual engagement in additional 
sport activities (N ad sport = 160, N no ad sport = 39). The criterion according to 
which the students were divided into two subsamples was determined according 
to the statement whether the students attend additional sport activities or not. For 
the purposes of this research, a survey questionnaire was created, which consists of 
50 statements (items) that examine the forms of unacceptable behaviour of children of 
younger school age. The statements in the questionnaire were divided in five subscales: 
inappropriate verbal communication, aggressiveness, attitude towards authorities 
(teacher and parents) and negligence towards obligations (at school and in the family). 
Questionnaire items were evaluated on a five-point Likert scale (1 – never; 2 – rarely; 
3 – sometimes; 4 – often and 5 – always). The differences between two subsamples 
were tested using Mann Whitney U test. The results of the research indicate that there 
are statistically significant differences in the existence of unacceptable behaviours 
between students who play sports in their free time and those students who do not 
play sports in their free time. Students who play sports in their free time show a higher 
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level of unacceptable behaviour on more items of the scales assessing unacceptable 
behaviours than students who do not play sports in their free time. Significant 
differences were found in two scales: inappropriate verbal communication (AS ad 
sport = 1.58; AS no ad sport = 1.38) and scale attitude towards authorities – teacher 
(AS ad sport = 1.47; AS no ad sport = 1.32) in favour of students who do not play any 
additional sport. The obtained results indicate the need for a targeted intervention that 
would be aimed at correcting the adopted maladjusted forms of behaviour of student 
athletes. It is necessary to understand the reasons why children behave in a certain 
unacceptable way in order to more easily discover the way to change such undesirable 
forms of behaviour in children. In the younger school age, interest in the prevention of 
unacceptable behaviour includes a developmental approach that pays equal attention 
to “growing in” and “outgrowing” unacceptable behaviour. 

Keywords: differences, children, unacceptable behaviour, inappropriate 
communication, aggressiveness.
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PURPOSE: The primary aim of this study was to determine the validity and reliability of 
the session Rating of Perceived Exertion (sRPE) as a measure of training load, compared 
to Banister’s Training Impulse (Banister’s TRIMP) and Edwards’ Training Load (Edwards’ 
TL) in taekwondo poomsae discipline. METHODS: The study included 11 poomsae 
athletes. Initially, each participant performed a 20m shuttle run test to determine their 
maximum heart rate (HRmax). Over the following ten days, participants completed 
three identical situational poomsae training sessions. Heart rate was continuously 
monitored throughout all training sessions. Thirty minutes after the completion of 
each session, following a period of rest and cooldown, sRPE scores were collected from 
all participants. Pearson’s (r) and Spearman’s (rs) correlation coefficients were used to 
determine the relationships between the training load variables. The reliability of the 
sRPE method was assessed using repeated measures analysis of variance (ANOVA). 
RESULTS: A statistically significant correlation was found between sRPE and Banister’s 
TRIMP in the first training session (r = 0.78), whereas no significant correlation was 
observed between sRPE and Edwards’ TL (r = 0.15). In the second training session, 
there were no statistically significant correlations between sRPE and Banister’s TRIMP 
(r = 0.41) or between sRPE and Edwards’ TL (r = 0.46). However, in the third training 
session, statistically significant correlations were found between sRPE and Banister’s 
TRIMP (r = 0.64) and between sRPE and Edwards’ TL (r = 0.70). The repeated measures 
ANOVA revealed no statistically significant differences between the three training 
sessions (p = 0.28), indicating good consistency of the sRPE measure across sessions. 
CONCLUSION: The findings indicate that the session Rating of Perceived Exertion 
(sRPE) is a reliable method for assessing training load, as evidenced by the absence of 
significant differences across repeated sessions. Furthermore, the observed correlations 
support the validity of sRPE as a practical and effective tool for monitoring training load 
in taekwondo poomsae training.
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DO PREGNANT WOMEN HAVE ACCURATE 
KNOWLEDGE ABOUT DIETARY 

PRACTICES?

Jana Juříková

Department of Physical Activities and Health Sciences, Faculty of Sports Studies, Masaryk 
University, Czech Republic

Adequate nutrition and physical activity are essential for maternal and fetal health. This 
study assessed dietary habits, perceived healthy eating, meal frequency, and sources of 
nutrition information among 107 pregnant women (68 physically active, 39 inactive; aged 
22–44) using a self-administered questionnaire. Most women considered themselves 
sufficiently informed, with the Internet as the main information source. Active women 
more frequently reported healthy eating (75% vs. 43.6%). Results highlight gaps between 
perceived and actual practices, emphasizing the need for targeted nutrition education 
during pregnancy.

Keywords: Pregnant woman, nutrition, knowledge, portion, health.
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ASSESSING PHYSICAL LITERACY AND 
HEALTH-RELATED INDICATORS: THE REFRESH 

WORK PACKAGE 4 PROTOCOL

Barbora Kaštovská, Veronika Cibulcová, Armando Cocca, Steriani Elavsky, Petr Kutáč, 
Markéta Rygelová, Jaroslav Uchytil, David Zahradník, Vera Kristýna Jandačková

Department of Human Movement Studies, Faculty of Education, University of Ostrava, Czechia

Introduction: The school environment is a dynamic setting that reflects social, 
technological, and educational changes over time. Physical education (PE) remains 
the most common opportunity for promoting physical activity among children within 
the school environment. Quality of physical education (QPE) is essential not only for 
fostering physical literacy, but also for supporting psychosocial wellbeing, academic 
achievement, and the adoption of healthy and active lifestyles across the lifespan. As 
schools continuously evolve in response to social, technological, and educational 
changes, PE must adapt to ensure it is engaging, and developmentally meaningful. 
This contribution presents part of the REFRESH project, specifically Work Package 4 
(WP4), which focuses on assessing physical literacy, psychomotor, emotional, cognitive, 
and social competencies, body composition, and other health-related indicators among 
pupils from diverse socioeconomic backgrounds. Aim: The aim of this contribution 
is to present the study protocol and measurement methodology applied within the 
WP4 of the REFRESH project. Methods: This is a prospective longitudinal study with 
a two-year follow-up. The research sample includes pupils from 4th and 5th grades of 
primary schools, their one parent, and teachers. Schools are randomly selected taking 
into account their size, location within the Moravian-Silesian Region (Czechia), and 
socioeconomic context. Measurements on pupils are carried out over two school days. 
The planned sample size is N=600 pupils. We build on the scoring principles of movement 
literacy in 4 domains. 1. Physical competence are assessed using questionnaires 
administered on paper Physical Literacy in Children Questionnaire (Barnett, 2020), 
and motor tests Canadian Agility and Movement Skills Assessment (Longmuir, 2017); 
2. Daily Behaviour monitored by ActivPal 4 device is worn on the right thigh for seven 
consecutive days, and Children’s Self-Report Social Skills Scale questionnaire (Danielson 
& Phelps, 2003), Physical Activity Questionnaire for Children (Cuberek, 2021), Health 
Behaviour in School-aged Children (Inchley, 2023); 3. Knowledge and understanding 
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are assessed using questionnaires Perceived Movement Skill Competence in Children 
(Barnett, 2015); 4. Motivation and confidence are assessed using questionnaire Intrinsic 
Motivation Inventory (Cocca, 2022), Difficulties in Emotion Regulation Scale (Benda, 
2017), Mood and Feelings Questionnaire for Children (Angold & Costello, 1987), 
Sport Climate Questionnaire (Deci, 2001). Other health-related measures include HRV, 
recorded during 10 minutes in a supine position, with 5 minutes analyzed using Bittium 
Faros 180 and Kubios HRV Premium. Computerized Flanker Task, Set Shifting, and 
N-Back Task (NIH Examiner battery) assess cognitive function. Body composition 
is assessed by InBody BSM 370 (Biospace, South Korea) and body height by Tanita 
stadiometer. Results: The proposed interdisciplinary approach demonstrates strong 
potential for comprehensive evaluation of QPE and factors influencing children’s health. 
Integrating physiological, cognitive, and psychosocial indicators will provide a deeper 
understanding of the relationships between PE instruction, physical activity, and pupils’ 
wellbeing. Conclusion: The presented measurement protocol offers a comprehensive 
framework for assessing multiple dimensions of children’s health and the quality of PE. 
The collected data may serve schools, researchers, and policy makers in identifying risk 
factors and developing effective interventions, particularly for pupils from disadvantaged 
backgrounds. 

Funding: REFRESH project (No. CZ.10.03.01/00/22_003/0000048), co-funded by the 
European Union.

Keywords: School-aged. Quality of Physical Education. Physical Literacy. Health-
related Indicators.
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DIFFERENCES BETWEEN FEMALE HANDBALL 
PLAYERS (U14, U16, SENIOR) IN THE RESULTS 
OF THE 30–15 INTERMITTENT FITNESS TEST

Katarina Ohnjec1, Mislav Zadro2 

1Faculty of Kinesiology, University of Zagreb, Croatia 
2RK Sesvete Agroproteinka, Zagreb, Croatia

Handball is a global sport that belongs to the group of aerobic-anaerobic sports. Often 
referred to as a transition game because of the frequent changes in defence and attack, 
this game is characterized by frequent high-intensity contact with intermittent runs and 
sprints. Endurance is one of the dominant motor abilities in the hierarchical structure 
of success in handball. The aim of this research is to determine the final speed of the 
30-15 Intermittent Fitness Test for a group of female handball players aged 14, then 
16, and senior female handball players of one handball club, and to determine the 
differences between the results of the 30–15 Intermittent Fitness Test of the senior team 
and younger teams of the same club. Methods: 51 female handball players from the 
same handball club (age 17.39 ± 4.04 years, height 172.73 ± 7.93 cm and body weight 
64.57 ± 10.18 kg) were divided into 3 age categories: seniors, cadets and junior cadets. 
17 senior women, 14 female cadets and 20 younger female cadets participated in the 
30–15 Intermittent Fitness Test. The last running speed on the 30–15 Intermittent 
Fitness Test was recorded and, along with other anthropometric measurements, entered 
the algorithm for the assessment of maximum oxygen intake. The obtained data were 
analysed with descriptive statistics (arithmetic mean, standard deviation, minimum 
and maximum score), then the normality of the distribution of variables was analysed 
(Kolmogorov-Smirnov test). In accordance with the determined distribution, adequate 
parametric methods (ANOVA) and non-parametric methods (Kruskal-Wallis test) 
of data processing were applied to determine the differences between the 3 groups of 
handball players. The research was approved by the Ethics Commission of the Faculty of 
Kinesiology University of Zagreb (44/2023). Results: A statistically significant difference 
between the groups of handball players was found in the morphological variable of 
body mass and the estimated maximum oxygen intake (VO2max), while there were no 
statistically significant differences in the variables of body height and in the variable of 
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the final speed run on the 30–15 Intermittent Fitness Test (vIFT). The generalizability of 
the results of this research is limited by the relatively small sample that included female 
handball players from only one club. Conclusion: The achievement of different or better 
values in the test results comparing senior and younger cadet age athletes is confirmed 
through numerous studies of various team sports. Long-term training experience with 
many training sessions, as well as an expertly managed overall training program for 
senior age at the highest levels, consequently, results in a higher level of preparedness. 
Expertise in creating the planned and programmed work of each club also determines 
the quality, breadth and cooperation of all members of the professional staff (from the 
head coach, assistant, fitness coach, physiotherapist, medical team and others).

Keywords: female handball, endurance, maximum oxygen intake.



104 105

INFLAMMATORY BIOMARKER 
RESPONSES TO A 10-DAY MODERATE-

ALTITUDE EXERCISE CAMP

Lana Ružić, Matea Sedlaček, Vjekoslav Cigrovski, Ivan Bon, Maja Cigrovski Berković

Faculty of Kinesiology, University of Zagreb, Croatia

Even though altitude exposure brings many benefits, an acute response to hypobaric 
or normobaric hypoxia may cause a temporary increase in inflammatory biomarkers. 
This study re-examined changes in these biomarkers after a ten-day hypobaric hypoxia 
intervention. Young healthy males (n = 17) participated in a field-based exercise 
intervention at 1250–2000 m for nine days, while a control group of similar characteristics 
(n = 15) remained at sea level. Blood was collected one day before the intervention and 48 h 
after. Inflammatory biomarkers (MPO – myeloperoxidase, neutrophil and lymphocyte 
counts as well as ratio, CRP – C-reactive protein, resistin, and IL-6) were analyzed. 
Changes were assessed using ANCOVA with baseline values as covariates. All measured 
biomarkers increased more in the intervention group compared to controls, but ANCOVA 
revealed no significant between-group differences for CRP or the neutrophil/lymphocyte 
ratio, although both increased by approximately one third and the within-group pre–post 
analysis indicated a subtle increase in inflammation. Total neutrophil and lymphocyte 
counts did not significantly change. The only significant pro-inflammatory biomarker 
increase was observed in resistin (F = 18.23; p < 0.001), suggesting an upregulation of 
low-grade systemic inflammation and mild immune-metabolic stress. On the other 
hand, the only parameter that changed in the opposite direction was MPO. A significant 
decrease in MPO was observed in the experimental group (F = 6.77; p = 0.021), indicating 
a transient weakening of neutrophil-mediated oxidative activity after the intervention, 
adding to the mixed interpretation of results. In summary, a ten-day combined hypobaric 
hypoxia intervention resulted in modest increases in several inflammatory biomarkers 
in young healthy males, without evidence of clinically relevant systemic inflammation. 
Coaches and sport practitioners should be aware that short-term altitude exposure may 
transiently increase oxidative-inflammatory stress in athletes, but may also contribute to 
reduced neutrophil oxidative activity as a protective adaptation. The results of this study 
were inconclusive due to divergent biomarker responses. Training load management 
during altitude camps may reduce excessive inflammatory responses. Monitoring other 
parameters such as blood oxygen transport capacity and iron storage may be more relevant 
markers of altitude adaptation than inflammatory biomarkers.
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CAN RECREATIONALLY TRAINED ATHLETES DETECT 
CAFFEINE INTAKE? EXPECTANCY AND PERFORMANCE 

RESPONSES DURING A RANDOMIZED TRIAL

Lucie Lipková, Ivan Struhár, Dominik Puda 

Faculty of Sports Studies, Masaryk University, Brno, Czech Republic 

Caffeine is one of the most widely used ergogenic aids in endurance sports and is known 
to enhance performance through both central and peripheral mechanisms. However, 
beyond its pharmacological effects, an athlete’s expectancy, or belief about whether 
caffeine was ingested, can also influence perceived exertion and performance. This study 
aimed to evaluate the perceptual accuracy of caffeine identification and to examine 
the relationships between expectancy, perceived exertion, and performance outcomes 
across different caffeine doses. Forty-two trained participants (27 men, 15  women; 
24  ±  3 years; 74.5 ± 9.8 kg; 176.9 ± 8.2 cm; VO₂max = 44.4 ± 6.7 mL·kg⁻¹·min⁻¹) 
performed all tests on an electronically braked cycle ergometer. An incremental step test 
was first conducted to determine maximal power output (Wmax). Based on this test, 
a workload corresponding to approximately 90 rpm at 65% Wmax was used to set the 
linear factor for subsequent 10 km time trials. Participants then completed three 10 km 
cycling time trials in a randomized, double-blind, crossover design, receiving either 
placebo, 2 mg·kg⁻¹ caffeine, or 4 mg·kg⁻¹ caffeine one hour before exercise. Ratings of 
perceived exertion (RPE, Borg 6–20) were recorded at 5 km and 9 km, and immediately 
after each trial participants were asked whether they believed they had ingested 
caffeine. Correct identification of the ingested substance occurred in 67% of the 4 mg 
trials, 67% of the 2 mg trials, and 64% of the placebo trials. Five percent of participants 
consistently believed they had received no caffeine, 24% believed they had caffeine only 
once, and 5% believed they had caffeine in all three trials. Participants who believed 
they had ingested caffeine reported lower RPE values even under placebo (13.2 vs 14.5 
after 5 km; 15.8 vs 17.1 after 9 km). Performance improved by 0.5% with 2 mg·kg⁻¹ 
and by 3.6% with 4 mg·kg⁻¹ compared to placebo. Between placebo and the 2 mg dose, 
performance changes were minimal regardless of belief. However, expectancy played 
a greater role between placebo and the 4 mg condition. Participants who correctly 
identified both placebo and 4 mg as “no caffeine” improved by only 0.4%. Those who 
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reported “no caffeine” under placebo but “caffeine” under the 4 mg condition showed 
a 5.3% improvement, while those who reported “caffeine” in both trials (placebo = yes; 
4 g = yes) improved by 5.1%. Interestingly, participants who reported “caffeine” during 
placebo but “no caffeine” under the 4 mg trial exhibited a −5.7% decline in performance 
after caffeine. These findings suggest that expectancy of caffeine ingestion can strongly 
influence actual performance outcomes. In conclusion, caffeine ingestion improved 
10 km cycling ergometer performance in a dose-dependent manner, but perceptual and 
expectancy factors also played a key role. Athletes who believed they had consumed 
caffeine performed better and reported lower exertion, regardless of the true condition. 
These results highlight the combined influence of pharmacological and psychological 
mechanisms in caffeine’s ergogenic effect and underscore the importance of considering 
perceptual factors when interpreting caffeine supplementation studies.

Keywords: placebo effect; performance enhancement; fatigue perception; cycling. 
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ANGLE CHANGES ON THE BALANCE 
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Transitional elements such as the round-off play a crucial role in connecting acrobatic 
skills in artistic gymnastics, influencing both performance efficiency and injury 
prevention. The aim of this study was to analyze kinematic characteristics of the round-
off performed on the balance beam, with emphasis on joint angle changes across four 
defined phases of movement: (1) first hand contact with the beam, (2) flight phase 
– kourbet (3) first feet contact, and (4) take off. The sample consisted of elite female 
gymnasts, and video recordings were analyzed using Kinovea 0.9.5 software. The 
measured variables included angular values of the wrist, elbow, shoulder, hip, knee, 
and ankle joints. Statistical analyses involved Repeated Measures ANOVA for normally 
distributed variables and non-parametric Friedman and Wilcoxon tests for others. 
The results revealed significant multivariate effects of phase on joint angles (Wilks’ 
Lambda = 0.022, F(24, 61.51) = 6.95, p < 0.001), indicating systematic adjustments 
throughout movement execution. Post-hoc Bonferroni tests identified significant 
differences for wrists, shoulders, hips, and knees, particularly between the third phase 
and the remaining phases, suggesting that the middle portion of the round-off demands 
the greatest adjustments in upper and lower limb coordination. For non-normally 
distributed variables (ankles and elbows), Friedman’s test confirmed significant phase-
dependent differences (χ² = 86.28, p < 0.001; W = 0.674). The findings indicate dynamic 
intersegmental coordination, with the most pronounced angular changes observed in the 
hips and shoulders, which contribute to efficient energy transfer between the upper and 
lower extremities. The knee and ankle angles showed distinctive adaptations reflecting 
the role of lower limb control and stability during landing. The moderate-to-high 
agreement coefficient among participants (W = 0.674) confirms consistent joint angle 
adaptation patterns, underscoring the importance of precise motor control during phase 
transitions. In conclusion, the study highlights that the round-off involves complex joint 
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interactions, with the greatest angular adjustments occurring in the middle and final 
phases. These findings emphasize the need for targeted training strategies that enhance 
coordination and control in critical joints, ultimately improving performance quality 
and reducing injury risk in female gymnasts.

Keywords: artistic gymnastics, biomechanics, kinematics, joint angles, round-off, 
coordination.
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LEVEL OF FUNDAMENTAL MOTOR 
SKILLS IN CZECH CHILDREN: REFRESH 

PRELIMINARY STUDY

Marketa Rygelova, Miroslav Pacut, Jaroslav Uchytil
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Purpose: Physical literacy (PL) is defined as the motivation, confidence, physical 
competence, knowledge, and understanding that individuals develop to maintain 
physical activity (PA) at an appropriate level throughout life, thereby supporting lifelong 
participation in PA (Whitehead et al., 2013; International Physical Literacy Association, 
2017; Jean de Dieu & Zhou, 2021). Railly’s (2016) study suggests that children’s PA levels 
tend to decline upon entering school. However, the school environment also represents 
a key opportunity for the targeted development of fundamental movement skills (FMS) 
(Dobbins et al., 2009; Lai et al., 2014), and thus for promoting a healthy and active lifestyle. 
Currently, two main approaches to assessing PL are most widely used: the Canadian 
and Australian models (Whitehead et al., 2013; Sport Australia, 2020). Both approaches 
evaluate domains such as daily behavior, motivation and confidence, motor competence 
(MC), and knowledge and understanding, with each domain being assessable through 
specific tools. In this preliminary study, we focused exclusively on the domain of motor 
competence (MC), specifically on the level of movement skills. The aim of the study is 
to present the results of pilot testing conducted with Czech children aged 8–12 years. 
Methods: The study was approved by the Research Ethics Board of the University of 
Ostrava (OU-36555/45-2021). A total of 731 children (334 girls, 397 boys), aged 8–12 
years of primary school Moravian-Silesia Region participated in the study. Each child 
completed two practice and two-timed trials, assessed by four trained raters according 
to CAMSA criteria (Longmuir et al., 2017). Children were instructed to perform the 
test as quickly and accurately as possible. The test involved seven movement tasks over 
a 20-meter course. Results: Based on the total score, children were classified into four 
categories (Beginning, Progressing, Achieving, and Excelling) according to the CAMSA 
standards developed on a Canadian population. It was found that more than 90 % of 
the 397 boys and 334 girls fell into the Beginning and Progressing categories in the age 
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groups of 8–9 years for boys and 8–10 years for girls. Among girls aged 11–12 and boys 
aged 12, over 85 % were also classified in the Beginning and Progressing categories. Boys 
aged 10–11 years were in these two categories in more than 75 % of cases. Conclusion: 
More than 75 % of children assessed according to the CAMSA standard were classified 
in the Beginning and Progressing categories. 

Keywords: Physical literacy, fundamental movement skills, agility, children.
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Although biomechanical performance indicators are well-studied among elite rowers, 
little is known about how these parameters affect crew performance in beginners. 
Previous research has mostly emphasized the importance of stroke rate and frequency in 
elite rowing teams, while the role of technical errors and their impact on performance in 
novice rowers remains insufficiently explored. The limited investigation of biomechanical 
determinants of performance among beginners hinders the precise guidance of the 
training process; therefore, the aim of this study was to examine the relationship between 
biomechanical performance indicators and rowing success in novice student rowers. The 
sample included 72 third-year kinesiology students with no prior rowing experience, of 
whom 27.78% (N = 20) were male and 72.22% (N = 52) were female. Measurements 
were conducted in a coxed quadruple scull over a 500 m rowing distance. Biomechanical 
data were collected using a portable inertial sensor (STEVAL-MKSBOX1V1), and the 
analyzed variables included time over distance, average velocity, acceleration, stroke 
impulse, and the duration of the recovery, drive, and complete stroke cycle phases. The 
results showed that crews with a lower number of strokes achieved faster times and 
higher average velocities. Maximum acceleration and stroke impulse demonstrated a 
strong positive correlation with velocity (r = 0.65 and r = 0.79; p ≤ 0.05) and a negative 
correlation with total time (r = −0.55 and r = −0.72; p ≤ 0.05). Other variables, such as 
recovery and stroke cycle duration, were not significantly associated with performance. 
Based on the findings, it can be concluded that the performance success of novice 
rowing crews primarily depends on technical execution rather than stroke number or 
power. The application of inertial sensors proved to be a valuable tool for analyzing and 
improving rowing technique and may substantially contribute to the development of 
more effective training programs and more precise monitoring of technical progress.

Keywords: Stroke rate, Boat velocity, Acceleration, Beginners.
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Basketball performance depends on players’ ability to combine high-speed movement 
with precise technical control, particularly while dribbling the ball at maximum 
intensity. Dribbling represents both motor and cognitive challenges that can alter 
running mechanics and potentially reduce sprinting speed. Understanding how 
dribbling affects sprint performance is essential for optimizing training and improving 
on-court efficiency among young athletes. Therefore, the purpose of this study was to 
examine whether dribbling affects the speed of linear sprinting and whether differences 
exist between dominant and non-dominant hand conditions in youth basketball players. 
The sample included 20 Croatian cadet national team players (14.73 ± 0.94 years), all of 
whom participated in testing sessions conducted during regular national team training 
camps. Sprint performance was assessed using Witty Microgate photocell timing gates 
over 5 m, 10 m, and 20 m distances. Statistical analysis included descriptive parameters, 
the Shapiro–Wilk test for normality, and repeated-measures ANOVA with Tukey 
post-hoc comparisons at a significance level of p < 0.05. Results showed no significant 
differences between sprinting without the ball and sprinting with the ball during the 
initial 5 m, indicating that the acceleration phase and start reaction were not influenced 
by dribbling. However, from 10 m onwards, sprinting without the ball was significantly 
faster (p < 0.01) than sprinting with the ball, suggesting that dribbling becomes a limiting 
factor during the acceleration and maximum velocity phases. No significant differences 
were found between dribbling with the dominant and non-dominant hands, indicating 
a balanced technical proficiency among the participants. This result likely reflects the 
outcomes of a systematic and long-term training process that promotes symmetrical 
skill acquisition. Such balanced motor development represents an important aspect of 
tactical efficiency, as it enhances players’ offensive adaptability and reduces predictability 
during high-intensity game situations. These findings further emphasize the importance 
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of incorporating high-speed dribbling drills into the training process to minimize 
performance decrements during sprinting with the ball. For players with lower absolute 
sprint performance, training should focus on improving sprint speed, whereas for those 
exhibiting greater speed loss while dribbling, emphasis should be placed on developing 
dribbling control at high velocities. Overall, this study demonstrates that while dribbling 
does not affect initial acceleration, it substantially limits sprint performance during 
longer distances, confirming the interdependence between technical skill and movement 
speed in basketball. The results provide valuable insights for coaches aiming to design 
individualized training programs for youth players and contribute to the understanding 
of the dribble deficit concept in basketball performance analysis.

Keywords: basketball, youth athletes, acceleration, technical skill, performance analysis.
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Introduction. According to the Self-Determination Theory (SDT) (Deci & Ryan, 1985), 
motivation is one of the most impacting factors determining human behavior. Among 
the types of motivation described by SDT, the autonomous one, which does not depend 
on external influences, is considered the most efficient for promoting active behaviors 
(Ryan & Deci, 2000). The SDT suggests the existence of four domains of autonomous 
motivation, specifically interest in a certain activity, perceived competence in performing 
it, importance attributed to it, and perceived tension in performing it (CSDT, 2022). 
Rooting in this theoretical foundation, authors have created the Intrinsic Motivation 
Inventory (McAuley et al., 1989), which has been recently adapted to the context of 
physical education (PE; IMI-PE) (Cocca et al., 2022). This is of particular importance, 
considering the potential impact of PE on long-term health in youth (Wang & Chen, 
2020). Purpose. The objective of this study was to assess the validity of the IMI-PE in 
the Czech educational context. Methods. A total of 336 primary education students 
(girls = 55%) responded the previously adapted and translated Czech version of IMI-
PE, comprising 14 questions distributed into “Interest towards PE” (3 items), “Perceived 
competence in PE” (4 items), “Effort during PE” (3 items), and “Tension during PE” 
(4 items). The structural validity was tested by means of Confirmatory Factor Analysis 
based on the Maximum Likelihood estimation method, using the following goodness-of-
fit parameters and cut-off points (Hu & Bentley, 1999; Cid et al., 2018): Comparative Fit 
Index (CFI) above .90; Standardized Root Mean Square Residual (SRMR) below .08; and 
Root Mean Square Error of Approximation (RMSEA) below .08. Item loadings (Field, 
2013) and Standardized Residual Covariances (SRC, Colllier, 2020) were evaluated 
for model improvements. Internal consistency of the dimensions was assessed with 
Cronbach’s alpha (Nunnally, 1994). Results. The initial model was below the expected 
cut-off points (CFI = .886; SRMR = .129; RMSEA = .093). After the removal of item 11 
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(“Tension”) due to poor item loading (λ = .10), the model complied with the established 
cut-off points (CFI = .903; SRMR = .052; RMSEA = .050). Internal consistency showed 
sufficient-to-high values for the four dimensions (alpha = .684 – .820). Conclusion. The 
excluded Item 11 was the only one in the “Tension” domain to be expressed with positive 
wording. The use of positive and negative statements within the same tool may at times 
lead to threats to its validity and reliability (Chyung et al., 2018), and disadvantages 
may even outweigh the known advantages of this questionnaire-design strategy. Our 
findings show that the current Czech version of IMI-PE, composed of 13 items and four 
dimensions, is structurally valid and consistent, and it may be used in further research 
focused on PE and active habits in Czech youth. It is recommended that further steps 
are taken to increase the soundness of the tool, such as assessing its reliability and 
convergent and divergent validity.
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Purpose: The aim of this study was to analyze the muscular capabilities of knee flexors 
and extensors in recreational runners using isokinetic diagnostics, and to examine 
the relationship between these capabilities, morphological characteristics of the lower 
extremities, and average running distance. Methods: The study included 16 recreational 
runners (45,5±14,5; 180±6 cm; 89,5±22,5 kg). Muscle strength and endurance were 
assessed using the ISOMED 2000 isokinetic dynamometer, while morphological 
characteristics were measured using the bioelectrical impedance analysis (BIA) method. 
Statistical analysis included descriptive indicators, normality tests, Pearson correlation, 
and paired sample t-tests. Results: No statistically significant correlation was found 
between morphological characteristics and isokinetic test results. However, running 
mileage showed a significant positive correlation with variables related to flexor strength 
and endurance, particularly in the non-dominant leg. Statistically significant differences 
were also observed in total work between extremities at higher contraction speed 
(180°/s). Conclusion: The results suggest that, in addition to morphological factors, 
functional characteristics related to the type and intensity of physical activity significantly 
influence muscle function. These findings may contribute to a better understanding of 
the biomechanical demands of running and injury prevention in recreational runners.

Keywords: isokinetics, recreational running, morphological characteristics.
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2Faculty of Sports Studies, Masaryk University, Brno, Czechia

INTRODUCTION: Balance is fundamental for Karate kata, requiring precise transitions 
between static stances and dynamic motions, being recognized as a key physical ability 
affecting kata performance. This study aimed to compare postural stability across top-
level able bodied and Para Karate athletes. METHODS: Eighty-one athletes were divided 
into four groups: able bodied (HA, n=22, age 21.5 [3.4] years), visually impaired (VI, 
n=24, age 30.0 [11.5] years), intellectual impairment (II1, n=17, 26.5 [5.4] years), and 
intellectual impairment with additional impairment (II2, n=18, 27.4 [6.4] years). A 
30-second bipedal stance test with eyes open was used to assess total area and path of 
the centre of pressure (CoP), including anterior-posterior (AP) and medio-lateral (ML) 
directions. To compare means values One-way ANOVA, Tukey post-hoc and eta squared 
(η2) were conducted. The significance level of p <0.05 was used. RESULTS: Males: Area 
of CoP: Significant differences between groups for total area were revealed (F = 3.84, 
p = 0.016, η² = 0.20), pairwise differences between VI and II2 athletes were identified 
reaching statistical significance (p = 0.022). For area in AP direction (F = 7.35, p ˂ 0.001, 
η² = 0.33), pairwise differences between HA and II2 and VI and II2 in favour of II2 
athletes were found (p = .003 resp. p = .001). Path of CoP: For path in ML direction (F 
= 7.03, p ˂ 0.001, η² = 0.32), pairwise differences between VI and HA, II1 and II2 group 
with highest values for VI athletes were identified (p = .045, p = .002 resp. p =  .014). 
Females: Area of CoP: Significant differences between groups only for AP area were 
found (F = 3.06, p = 0.044, η² = 0.24), with no pairwise differences between groups. 
Path of CoP: For AP path (F = 3.01, p = 0.047, η² = 0.24) with pairwise differences with 
borderline significance between VI and II2 groups in favour of II2 athletes (p = .049). 
Further, for ML path (F = 4.65, p = 0.009, η² = 0.33) with pairwise differences between 
VI and II1 and II2 athletes in favour of both II groups compared to VI group (p = .017 
resp. p = .012). CONCLUSION: Male athletes: As for the area of CoP, VI athletes reached 
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highest values suggesting lacking in balance performance, while II2 athletes performed 
best. Significant differences were found between these two groups, more interestingly 
also between II2 and HA group in AP direction with better results for II2. Also for path 
of CoP VI athletes performed poorly with significance compared to all other groups. 
Female athletes: As for the area of CoP, comparing each pair out of four groups, no 
significant differences were found. Interestingly, II athletes performing better compared 
to other two groups. For the path of CoP, VI athletes performed weakly, compared to 
other groups. Significant differences were observed between VI and II2 for AP path, but 
between VI and both II groups for ML path. Putting altogether VI athletes showed worst 
overall balance performance while II2 athletes performed best.

Grant no.: 1/0611/23

Keywords: Intellectual impairment, Visual impairment, 30-second balance test.
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THE EFFECT OF SELECTED NUTRITIONAL 
STRATEGIES ON ENDURANCE 

PERFORMANCE

Marika Surová, Tomáš Hlinský

Faculty of Sports Studies, Masaryk University, Brno, Czech Republic

Carbohydrate availability plays an important role in endurance performance, and 
several nutritional strategies have been proposed to enhance substrate utilization and 
delay fatigue. This study aimed to compare the effects of three nutritional interventions 
– carbohydrate mouth rinse (MR), a three-day high-carbohydrate diet (HC), and their 
combination (MR+HC) – on a 30km cycling time trial in trained triathletes. Six athletes 
completed four testing sessions in a fixed order: control trial without intervention (C), 
MR, HC, and MR+HC. The main outcome measure was total time to complete the time 
trial; secondary measures included blood lactate, blood glucose, and rating of perceived 
exertion (RPE). Across all conditions, no statistically significant differences in performance 
were observed. Mean time-trial results differed only minimally between interventions; 
however, substantial inter-individual variability was present. Trend-wise, the fastest 
average performance occurred in the combined MR+HC condition, with an improvement 
of approximately 1.3 % compared to the control trial. The MR and HC strategies showed 
only small mean changes, indicating that group-level effects were negligible despite some 
individual improvements. Descriptive analysis of metabolic markers showed similar 
patterns across conditions. Lactate increased during exercise and peaked after completion 
of the trial, with slightly lower post-exercise values following HC and MR+HC. Resting 
glucose levels were higher before trials preceded by HC and MR+HC, reflecting increased 
carbohydrate availability, but values converged during and after exercise. RPE differed only 
minimally between conditions, suggesting that none of the interventions substantially 
altered subjective perception of effort. In summary, the tested nutritional strategies did 
not produce a consistent improvement in 30km cycling performance in trained triathletes. 
Although some individuals responded positively – particularly in the combined MR+HC 
condition – the overall group effect remained small. These findings underscore the 
considerable variability in individual physiological responses and suggest that personalized 
nutritional strategies may be more beneficial than standardized protocols.

Keywords: Carbohydrate mouth rinse; high-carbohydrate diet; enduranceperformance; 
nutritional strategies; cycling; triathletes.
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CHANGES IN VISUAL AND ACOUSTIC REACTION 
SPEED UNDER THE INFLUENCE OF FOOT REACTIVITY 

EXERCISE

Vedran Dukarić, Ania Išić

Faculty of Kinesiology, University of Zagreb, Croatia

Despite the frequent use of reactivity and plyometric exercises to enhance neuromuscular 
performance, their acute effects on simple reaction speed particularly to different types 
of stimuli (visual vs. acoustic) remain unclear. Although post-activation potentiation 
(PAP) is known to temporarily improve muscle performance, it is not well established 
whether exercises that primarily activate the lower limb stretch–shortening cycle (SSC), 
such as stiffness jumps, can also influence the central nervous system (CNS) speed 
and motor response time to sensory stimuli. Therefore, the problem of this research 
is the lack of evidence of the acute effects of foot reactivity exercises on visual and 
acoustic reaction speed. The aim of this study was to determine the effect of an exercise 
commonly used to induce post-activation potentiation (bilateral continuous stiffness 
jumps) on visual and auditory reaction speed. The sample of participants consisted of 
16 students (age – 23.13 ± 0.89; height – 175.36 ± 10.63; weight – 71.18 ± 12.72) from 
the Faculty of Kinesiology. Reaction speed to visual and acoustic stimuli was measured 
using the Optojump system before and immediately after jump performance. Statistical 
analysis included descriptive parameters, the Shapiro–Wilk test for normality and a 
paired sample t-test was applied to assess differences between pre- and post comparisons 
at a significance level of p < 0.05. The analysis revealed a statistically significant decrease 
in acoustic reaction time following the exercise (t = −2.05; p = 0.049), indicating an 
improvement in response speed to acoustic stimuli. In contrast, no significant change 
was observed in visual reaction time (t = −0.28; p = 0.782). These findings suggest that 
a short foot reactivity exercise in the form of stiffness jumps may temporarily enhance 
acoustic reaction speed, while not significantly affecting visual reaction speed. Acoustic 
reactions typically involve shorter neural transmission times and may therefore be more 
sensitive to temporary changes in neuromuscular excitability induced by PAP while 
visual reaction time could be related to the greater complexity of visual information 
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processing, which includes additional cortical integration stages that are less influenced 
by peripheral potentiation mechanisms. This indicates a potential selective influence 
of post-activation potentiation on sensorimotor responses depending on the stimulus 
modality. These findings can specifically be related to track and field sprint performance 
during initial phase of sprint block start. Further research that involves larger samples 
and high level athletes would give stronger effect on the scientific conclusion and 
practical implications.

Keywords: Reaction speed, PAP, Stiffness jumps, Acoustic and visual stimuli.
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THE EFFECTIVENESS OF SPECIFIC TRAINING ON 
THE DEVELOPMENT OF FOREHAND AND BACKHAND 

ACCURACY IN YOUNG TENNIS PLAYERS 

Borna Blaha, Petar Barbaros, Zlatan Bilić

Faculty of Kinesiology, University of Zagreb, Croatia

Tennis requires a high level of technical, tactical, and physical preparedness, and 
success in competition depends on multiple interrelated factors. Among these, accuracy 
represents a key motor skill that strongly influences both performance and overall 
quality of play. Therefore, the aim of this study was to examine the effectiveness of a 
specific training program in improving the accuracy of basic strokes, forehand and 
backhand, in young tennis players. The study involved 20 players (10 boys and 10 girls; 
mean age 13.0 ± 0.79 years) with an average of 4.95 ± 2.01 years of training experience. 
The six-week program included three types of specific drills aimed at developing 
stroke accuracy, performed once per week during regular training sessions. The study 
involved 20 players (10 boys and 10 girls; mean age 13.0 ± 0.79 years) with an average 
of 4.95 ± 2.01 years of training experience. The six-week program included three types 
of specific drills aimed at developing stroke accuracy, performed once per week during 
regular training sessions. Accuracy was measured using a standardized test conducted at 
the beginning and end of the program, assessing forehand and backhand performance. 
The results showed a statistically significant improvement in both strokes. The average 
forehand score increased from 13.30 to 15.65 points (p = 0.012), while the backhand 
score improved from 9.35 to 11.45 points (p = 0.045). Greater progress was observed 
in the forehand, likely due to its technical simplicity and more frequent use during 
play. Backhand results showed greater individual variability, indicating the need for 
additional training to balance stroke quality. In conclusion, these findings demonstrate 
that a well-structured and targeted program of specific exercises can produce significant 
improvements in the accuracy of basic strokes in young tennis players within a relatively 
short training period.

Keywords: tennis, accuracy, specific exercises, young players, motor learning.
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CIRCUS PLAYGROUNDS: DESIGNING PLAYFUL 
ENVIRONMENTS FOR HOLISTIC PHYSICAL LITERACY 

DEVELOPMENT

Adam Jarchovský

CIRQUEON – Center for New Circus, Prague, Czech Republic

This presentation introduces Circus PLAYgrounds, a methodological framework 
that integrates principles of circus pedagogy and physical literacy to support holistic 
development through play and movement. Drawing from over twenty years of pedagogical 
practice and recent international research (Agans, Stuckey, Cairney & Kriellaars, 2024), 
the project reimagines learning spaces as “circus playgrounds” — environments that 
balance safety, challenge, creativity, and collaboration. The framework connects key 
insights from Reg Bolton’s developmental model (Why Circus Works, 2004), social 
circus research from Finland (Studying Social Circus, Social Circus Handbook), and 
the 4D4D4ALL model of four developmental domains (physical, psychological, social, 
and creative). It proposes design principles that allow learners to engage through self-
directed play, peer learning, and positive physical challenge within a safe and inclusive 
setting. Preliminary applications in Czech school and community programs show that 
“circus playgrounds” foster motivation, trust, creativity, and body awareness, while 
broadening the concept of physical literacy beyond sport performance. The presentation 
outlines the theoretical foundation, design methodology, and implications for physical 
education, inclusive pedagogy, and well-being.

Keywords: circus pedagogy, physical literacy, play, creative learning, inclusive 
education.
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DIVERSABILITY CIRCUS

Suzanne Verschueren

CirKusKus, Bratislava, Sovakia

The DiversAbility project explores how circus activities can be adapted for young 
disabled people. In the project educators, circus trainers and social workers from across 
Europe shared research and tried out different (circus) exercises together with a group of 
youth with multiple disabilities and their caretakers. Inspired by the successful teaching 
of circus skills to a blind participant, the project aims to break down barriers to inclusion 
in education. It addresses three main challenges faced by disabled young people: 
pedagogical, material and social obstacles. By developing adaptable methods, tools and 
training programmes, the project intends to create a more inclusive environment for 
these individuals in non-formal educational settings, particularly in the context of circus 
arts. The Diversability Circus section will focus on a brand new educational tool: the 
DiversAbility Circus Card Game. The game has been designed to make circus activities 
more accessible, inclusive and enjoyable for young people with or without disabilities. 
Each card invites participants to try a circus exercise, explore creative adaptations or 
consider different perspectives. It can be used by youth workers, teachers, circus trainers, 
and young people who want to learn. Participants will not only learn circus skills, but also 
experience the values of teamwork, creativity, communication and empathy. The game 
presentation will involve a workshop (duration: 0,5 hour presentation, 1 DiversAbility 
Circus Card Game and feedback).

Section is guaranteed by TRAPITI diversabilitycircus.org
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FITCIRK – DEVELOPMENT OF PHYSICAL LITERACY 
AND MENTAL FITNESS: AN INNOVATIVE APPROACH 

TO PHYSICAL EDUCATION OF UNIVERSITY STUDENTS 
THROUGH CIRCUS ARTS

Marek Jovanovski1, Dagmar Heiland Trávníková2, Barbora Adolfová3 

1Lužánky – Leisure time activity center Brno, Cirkus LeGrando, Czech Republic
2Faculty of Sports Studies, Masaryk University, Brno, Czech Republic

3CIRQUEON – Center for Contemporary Circus, Prague, Czech Republic

This presentation will show findings from FitCIRK, a collaborative project of Masaryk 
University and two circus organisations Cirkus LeGrando and CIRQUEON. The 
project introduces circus techniques as an alternative to physical education options of 
university students. We will present an analysis of feedback collected through mixed 
methods of data collection from participants of the project focusing on their perception 
of the impact of the project on their wellbeing and experiencing a different format of 
physical education classes in the university context. This presentation will also talk 
about the administrative, logistical and financial challenges of offering a non-traditional 
movement activity in the university environment and steps planned for the future. This 
session will be a combined format of a presentation and a discussion with audience 
members. 

Keywords: circus pedagogy, wellbeing, university students, intrinsic motivation, 
positive movement experience.
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CIRCUS ARTS AND 
PEDIATRIC OT: RETHINKING 

WHO GETS TO MOVE

Naomi Stager

This presentation explores how contemporary physical literacy frameworks intersect 
with the lived realities of therapeutic and instructional practice. Drawing from clinical 
pediatric occupational therapy work and over a decade of circus arts instruction, it 
highlights how differences in early movement opportunity shape skill acquisition, 
self-efficacy, and lifelong engagement. Using examples from pediatric OT and circus 
pedagogy, the talk illustrates how movement access—encouraged, restricted, or 
culturally channelled—shapes both motor competence and identity. The aim is to 
offer an applied, human-level perspective that complements existing research while 
expanding its implications for practice.
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METHODS OF PERSONALITY DEVELOPMENT IN 
ADAPTED PHYSICAL ACTIVITY FOR INDIVIDUALS WITH 

SPECIAL NEEDS: ENHANCING EMPLOYABILITY 

Gabriela Gregorovič 

Faculty of Sports Studies, Masaryk University, Brno, Czech Republic

This study explores the current challenges in the employability of persons with 
disabilities in the labor market. Drawing on the theory by Lazarová and Kolar (2007), the 
research addresses four core areas of personal development: individual self-awareness, 
social skills, self-transcendence, and professional competence. The target group consists 
of individuals aged 18–60 years with various disabilities. The methodology includes 
qualitative data collection through questionnaires and interviews, coupled with practical 
applications of personal development methods such as social and psychological training, 
active listening, group dynamics, and psychomotor activities. Preliminary findings 
indicate that the application of these techniques, especially in unconventional physical 
activities, significantly contributes to personal growth and social integration. The study 
concludes that these methods offer valuable insights into enhancing employability and 
personal development for individuals with disabilities, thus providing a roadmap for 
future interventions.

Keywords: employability, personal development, disabilities, social skills, physical 
activities.
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